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It may well be that ultimately, 
tie Field Of AL will in. larze 
part be concerned with the 
development ` of superpowerful 
computing languagass. In tiis 
lisht, the best way to measure 
Aennoene eu le; tar lsor ar =l 
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languages [38]. 


Mes Sophistication of most computixne tasxs in 
Artificial Intelligence (41) can te informally measured by 
the amount of additional tire and memory the designer claims 
Mie tO perfect operation. Of course, time is 4 
@omscraint that will never really te eliminated ~ our lives 
Aa so long. Tage memory constraint may te slightly 
relieved as mone 1S coldtinually. paced. into smreller 


pectares. Consequently, as Nilsson Suegests, emphasis rust 


Eve LOGmetl PO. UasuDeryover il Cor nuting 
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languases that will, in effect take better edvartage the 


2 


memory and time available than vast or even C 
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hs 


rrent 
proerarrine languages. 

Be iunddmental protlem 02 ang complex Al somputine 
MS DORA tO efficieatly acress, search, modify, or even 
enlarge stores of xnowledee. Thus, the development of 
more powerful languages must include the develocrent of more 
Moen l ddta representation and prosram control techniques 
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Mate currentiy avaliable. In most cases, a refirement ct 
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Serrent ren ee Si, etm aS pattern. males. Or ar 
Ele mentat:on ol a current theory, B.de, Mins s 
concept, iS what ís needed to advance the state cf the art. 
Whether this can be done by extencing the capabilities of 
eat Al languages or by Starting from scratch to create 
entirely new ones täat are based on new points of view, 
still remains to be determined. 

mnis TRESIS examines seyeral data renresentétion 


techniques and program control structures that have teen 
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MENO Ned Ie rnen ted in presremmias leneveaces TO 
Sealy Satisfy the needs of Ai research, rast and 
present. The particular languages that were selected to 
Tate tne implementations of concepts in tre twc aTeas 
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mentiored above are listed telow. Most are 
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vurpose AI languages Past cun Or ETOCS 0% Tine 
ias applications to date. The last three ere fairly 
Bene stii]l ın taeir acceptance pnase. 

AO Mato? rodas sins 
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PUNO. TUE mentiroso 
BAER TEL “vets? on. ı>I-T, 


MERO (1956 - A.Newell, i. 
lansuare. Introduced the c 
First implemented on & 
iterations in develcoment. Thn 


Was implemented on an IPM 7¢4 oy late 13529. The 
language was widely used over the next ô or 7 years on 
a Lety of machines including an [rt EC, TEI/TESE, 
Meee, UNIVAC 1165 and 1127, Control Lata 1572 aE 


Rurrovens 228, Fhilco 2630, and AN/TSIY-32 [48] 





Gove (2957 = neve) A String processin 


1f languare. 
Perser meowerdsprocranmea at MIL es. e joint project of 
tae Peena Ca TnS lation Group of tre Pesearck 
femonatory of Klectronics and Bars CCmaitati on) Ceonten, 
Nas ii tended &0 provide the professionél linguist 
with a prozsrammine System in which he could easily 
NE ro ares needed. to Carry out his research. 
Development began on an IBM 7@4 and shifted to the 
7¢9/S¢. An improved version, COMIT II, appeared in 196é 
on the IRM 7290/94 and was implemented on the 
System/362 by 1975 [493]. 
foe (1959 = J.@cCarthy) List Processing language. The 
most recent and widely version of this language is LISP 
ie Et is a machine independent, theoretically 
oriented language designed for problems requiring list 
Bmocessine, Trecursive or nierarchical control, and 


Symbol panipulation. It is was originally imp lerented 
on machines such as the IEM 1628, 2729/32/94. a FE 1, 
SDS 946, and nas been implemented on a variety cf 
machines since [42]. 


LEAP (1969 - J.Feldman, P.Rovner) Jansguese for tne 
Expression of Associative FzFrocedures,. It is based en 
Porz and contains set theoretic and assoclativ 

operations and data types. It nas been irplemented cn a 
E ESE. ¿ne EDE=11, as part of the SAIL lanervare 
[13]. 

pepe (1971 - D.Swinehart, 2.£proul) A heavily used 
eeeidse based On ALGOL employire= list data structure 
anc containing tie set TReECrTetie, associative 
Oenerations aa eS. Or Liar, It has Seen 


implerented on a PDP-1£ aná PD>-11 [4]. 


PLANNER (1971 - C.Eewitt) A gcal-directed language fc 
proving theorems and Deere models for a TOLZOT 
Eent es include ereation and cismissal of goals 
Meevyision for recommendations on which theorers to us 
NE ins to E¿rew conclusions from án assertion, ene a 
pewerful deductive system [(4S]. The language irtrojsuced 
Meee Important ccupled concepts of patterr-directed 
Procedure invocation ana the procecdural rerresentation 
of knowledge [4]. PLANNER nas rever teen fully 
implemented. A subset OF the lanrvare called 
Micro-PLANNER nas been implemented in LIS? on ea UFC 
PDP-12 at at MIT [49]. 
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ONNIVER (1972 - G,.Sussmen, U.McDermott) A lenguase 
Mees Lisv=lixe syrptax. Its SU A was motivated tv 
the desire to eliminate the defects in Micre-FLANNZS 
Boi weneor tne control which is automatic in PLANNER 
is returned to the user in COMNIVER. The extra 
mespOnrSibility also makes this language rore difficult 
mombecarn. It 15 implemented on a LEG >T>-i£ ar MIT [4]. 


INTERLISP (1971 - W.Teitelman) Interactive LISF. As an 
extension of LISP 1.5 it adds debveging aids. user file 
structure, and,otker features not previously available, 
as arrays, Strings, and user-definable deta types 
[54]. it nas teen implemented or. a variety of mecnines, 
primarily DEC PDF-1£s [49]. 


QLISP (1973 - E.Eebch, E.Sacerdoti 
programming language, an experimental la 
Mee LISP and irplerented at th Stan 
Mest i tute arouna 1973. SLISE ther 


riy the Qå 

rage written 
q Fesearch 
STU ES end 


Z 
Hj 
O 
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ee to matenideo facilities that cause it tc resemble 
DANG in philosophy and detail |29]. Ey embediine 
BIS? into INTERZLISP additional features of see, 
Ben or, Jdebusggine. ales, ard utility functicns are 
acquired. Pie Lest t 1S bb Nese ilor/iN@Go2LISr SvSter, one 
be most flexitie Al progremming systems currently 
available. This system has been implemented on a DEC 
ETF-12 ard an IEM System 35@/37F (4l. 

POPLER (1973 - J.Davies) Eased on the POP-2 low leve 

language designed at tne ere Or Belnhüren ter 
ice: to Al prosramfMine. The current versio: of 
Beer, ESTER 1.5, provides most tae facilities of a 
FLANNSR—-like system. It is currentiy im,lemented on a 
mao EDP=10 at Eaeicburen [4]. 

AS ST E — 3 oc E. Jazostel, Pray, IMESTSZOT, 
array) An interactive procrarmine lansuare based on 
sets developed at the Jriversity of Aberdeen. Its 
mayvention is an attemst to provide a prozrammine 
Bmerronment Iineshicsn it is possitle to texe or asfer 
decisions abcut 3 nrosram. POS LS Lly senarahble 
decisions can be taken separably an? in any order li5ı. 
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PROLOG (1972 = A.Colmerauer, H.fanovi, F.Peserc, 
Peeolssel) Programming in Lorn. 3 PLA*N2R-like 
language Tounded on Woe loelc- computational 
meckarisms and erbodyizg procedural interpretation of 
@eanetion. insteed of functions it uses relations, 
i.e., ordered sets of clauses each of the form 
mepcera:—=vody [86]. It i5 a patter2 matching process 
operating on general recora structures [62]. 


Mees (13977 = L.Trevis, “M.Honda, R.Leblanc, €. 

Pemeextension of PASCAL with additional data and 

reaction Mechanisms to suit it te Al prcs: 

m onırements. It does not include a list data tyse fut 

Mmemides € data Encapsuletion mechanism for the ys 

define this and a variety of otner types as well | 

mecewerext Chapter examines the runcemental progremmine 
requirements aS imposed by the nature of the research ard as 
migeemented in the earliest Al laéneveges. 

Saaoters Three ald Four consider data resreseatation 
A oOsrem control structures and corcepts aveilebl= or 
employed in current eStablisned AI languages as well 4S ire 

Si 
newer languages not so well established. Charter Five 
Semmens 2 Chart Summarizing tre data and control features 
of the languages described above. 

Blomus that, Appendix A offers a ciscussicn of tre 
trend of the newer langueges to re 
mompeoceduradl. Appendix EF contains the general ¢cesiens ard 


wee Shine characteristics of 15 £ 1 adele yams 


systems. 
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variety of 
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were 


of a special purpose nature. 


advanced the 
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“computer 


intellizerce in general and navman 


THUS, 
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Many systems have 


tasks 
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programming to 
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human 


eg ENEREROTENT 


Intelligence iS the branch of computer 


Commer ers WLO carry ont tarps 


carried cut by human beines would reaquire 
Baal news. Na broac Gera niyo tut 
the corprehensiveness of the research 
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Mio rmation precessing behavior demonstrated Lag 
Bame—-playine, natural language understeniing, and general 
een SOlving, or they are interested in developing 
Meme to assist or replace humans in tasks requiring high 
visual concentration, a great deal of knowledge in a 
meecitic field, a larse amount of prysical strenmeth, cr 
Bormolicated anc time-consuming computation. 

Implementation of tke sySters to achieve these ends 
foe most likely continue to be realized in Software. It 
becomes evident that the development of preoerarmins 


languages to facilitate AI researcn must occury a place of 


r 


Meh »riority. Theoretical and practical advance in AI is 
dependent upon it [5]. 

A programming laneuare for Al interests invariabtiy has 
more demanced of it than one used for general purpose 
Somputing. Tasks in AI involve an enormcus amoırt of 
Base updating, searching, and manipulation ir orcer to 
Miscover or ceduce the solutions from a large store of 
xnowledze pertinent to the problem at hand. For exarple, 
Bomsicer a system like INTERNIST, created by H. Pople in 
1975 to provide cognitive Support in the forraticn and 
on of difficult clinical problems in internal medicine 


[4G]. Its knowledge is represented in two element tyves. 


bi 


Mier something is a disease entity or a manifestētion of 
some disease. Tnere are adout AL of the forrer and well 


over 2020 of the latter (see Appendix 3). Given that each 
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disease entity is associated with a list of 
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e method must be derived for entering the 


a reascnable location in order to begin a 


MON INTERNIST this is assisted by the fact 
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around E 


mompartitioned semantically organ 


meee point is found, tackward chaining on 


Ee entation of the «newledze could 


Symptors are matched to the System's 


Additional input would at times be reques 


un» would most likely occur whenever there 


eertainty in the matching process. 


an earlier instance where there was an urt 


alternative would occur and tne search 


eed direction still trying to accura 


merprect disease. An efficient proerámmine lanstafe 


@ementvicipate such needs as backward chairine, 


wenn- matching, and 


M necessary, for most Al problers, of whi 


esical. 


MISSANIST is 


meme oroesramming= tasms, that is the 


Meme numeric, or symbolic, data. Such data 


of characters that cne would find in resear 


language systems or mathematical 


Baurd in thecrem-unrovers. In zeneral, the 


puter would be required to perform 
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meeouraic formula manipulation, computational linguistics, 
information retrieval, Or automatic decision raking, all of 
Ben turn it into a symbol processor rather than a number 
processor [4g]. \ 

Eon aeces dedicated “to non numeric computation ere 
ANN as symbol manipulation languages. Furthermore, within 
NN catesory there are two types, list processors and 
NAS  DTOcessors. These are not necessarily rutually 
ye Classifications. String end list structure differ 
Meamarily in the way they are stored internally in tre 


nd 


computer. 4 string is a sequence of elementary items, 


N 
(D 
to 


MOTA ly alphabetic characters that are jarally, though 
Mic ecessarily by cefinition, tisentlry packed in <equential 
Memory for the sake of efficiency [44]. A list, on the other 
Meme may be a sequence of items whicn are elementary 
(atems) or lists themselves. Associate with sacr iter is 
M Cina information needed ta locate the nert iter, 
usually not ir an adjacent lccatien [42]. Lists require more 
Memory than strings because of tne additional locations 
Ened for the pointers directing the sequencing. In 


eeneral, lists ere ea icer to modiivy; -insertions -and 


‚3 


geletions can be made by changing a few pointers rather tha 


by having to move laree amounts of data. 





Best Processing: 

AS roces sine. lanedase is one «whose primary data 
Ms e list. A list ís a sequence of elements which are 
der atomic symbols or lists. For example, (A E C) is a 
St where A, 3, and C are simple units (etoms? trat stand 
only for themselves. (X(Y(Z)W;} is a list where I and W are 
atomic but (Y(Z)) and (Z) are lists themselves. 


” 


A word ANNO paris, traditionally Called. tre 
“address. and tne "decrement . Tke address nolds a pointer 
Me! Location of the property list, in LISEF, kelding 
Memeniptive information for the atom of interest, or to the 
meer cf another list. Tre decrement may‘ soint to the next 
item or an atom altnoveh usually tne next list item. 


The two previous examples would possess the followine 


internal errangement: 


(4 3 C0)= 
A 3 C 
(AY (2)14))= 
if W 
v 
Z 


ie 





or 
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ES 


D 
fu 


ee Operations epolicelde to lists are retri 
meee first element ang retrieval of the list that results 
Nice rovinsa the first element, 1.6... of accessing either 
Maem acdress or decrement nart. Tae basic preperty cf 4 data 
Zement is that of being atomic or itself a list. The basic 
relation between data elements is that of being identical or 
Ati). 

na ole qual? ot ist retrucinre 1s that it divides 


tre data being represented into major components which ray 


rc 


Memeaccessed independently, and which may themselves te 


nierarchically structured [44}.° 


LA 


An important advantaee of a list processing lareuare 1 


Mea bility and ease it provides te allocate storages 


“+ 


cr 
iD 


dynamically. Memory Space for data structures reed not 
DBreassiened. Storage for each structure is allocate orly as 
teeded, and it iS almost never in sequertial locations. 
Since memory reassignment, as well as assirrrent, is 
Semamic, there must be a store of cells available for use 
end mechanisms for obtaining new cells fror, ani returning 
unneeded cells to. that store [4]. The problem that arises 
is in keeping track known as the erasure problem, is in 
Keepine track of used, unused, and ‘erased remory cells. 
vne method of handline the problem is for the proeramrer to 
meereim celle es they are no longer needeé ty linkine them 


toa free storage list.” Another method is that of earbace 


collection” (see definition, p. 64). 


Le 
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List processing languages acvantazeously provide fer 
Beeeursive definitions of routines. secursion is dependent on 
dynamic storage allocation for efficiency since when a 
mion is defined in term cf itself the programmer 
usually does not «now in advance how ceeply nested the 
mmoeess Will so hefore natural termination. 

em oc Suse ture concept was © iirst introduced ty 
Newell, Simon, and Shaw as early as 139&6. Newell and Simer 
had designed a system, the LOGIC TEEORIST {LT\, which was 
tasked with proving theorems in propositional calculus, in 
Pestıcvular Dre theorems Lier Cased: set aenicl Lied a hy 


Aa teneacd aná zussell. Their objective nad been to simulate 


iD 


Meee ory of human problem solving on a comeuter. IT was 
en restricted in application but 1t did demonstrate that 
a machine ‘could perform tasks neretofcre considered 
intelligent, creative and uniquely kuran 135). The lareuage 
NN Testeda inswbich to implement thelr theorem orover wes 
The LOGIC TESCRIST program corsumed vast amrcunts c? 
Bey SO there was no possibility of allocatirs storase 
Peemanentiy for any particular function. faced with lirited 
@mputer memory, they devised the list Structure. It turn 
as well, that the representation of data in lists lends 


Meer 1icely to the Simulation of human thinkine srosesses. 
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Lize most languages available in 1955, IPI was 
primitive. A ent Sloseiy recembled macrire 
language programs (see figure 2a). Storage allocatior, 
Maine retrieval of abardoned list cells for re-use. was 
entirely the responsihility of the programmer[43]. It used a 
Mental control scheme with some provision for two-way 
Meine and subrcutine celling. There was ne distinction 
made between main program and subroutine. Any routine corli 
Sena any other. Translation terminated only after tae 
highest level routine terminated [47]. The programmer was 
Nesponsible for parameter passing. Recursion was easily 
Memevyed Since any routine could execute itself as a 


Mutine. It was possible to call a routine witn a rame 
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Meee was Supplied as input data, or to construct 
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meee. run-time in the proper format for a rau 


Nin execute that routine. Furthermore, since 


nm 
pd! 
a 
© 
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Maa lso manipulate existing routines, an [FL treeram was 
self-modifiatle, 


Bi Ss55, not long after the appearance of 


Wd 
a 
mv; 
HF. 
Un 


Ms introduced his list processing lengusse, IIs 
Mer tion was to make the ideas innerent in IFI fand E. 
Gelernter’s plane geometry theorer proving program: cleaner, 
more elegant, and more powerful[35]. LIS? was more readable 
than TPL. SUE ai ca on ana eed location were mede e 


system responsibility via a garba Ce Gib Ca eer Yan. 


gy 
Mv 
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R1 Jog (sxip first element) 
7a JE (terminate if done) 
ec Eg (save current place) 
ni (reverse rest of list recursively) 
12 HE (get current element) 
des (insert at enå) 


¿68 2 (delete from top and stop) 
An IFL program to reverse the order 
o elenco. list 
(revrinted from (43]). 


igure 2a 


eo t1ional ana still valuable atality of ILISF 1s tke 
apa bvility CON rentes ai  Pastructions «aS well as’ data 
Mier nallv in a list structure. Thus, program and Cata are 
indistinguishable. A program may in fact be data for itself 
Mother prosram. This allows progrars to use their their 
recess ine abilities on themselves to medify therselves 
El. 

A c artiy strove for, and to a great extent achieved, 4 
quality stiil urequaąaled in its comprerensiveness ty rost 
AMET lanevages: that of mathematical neétness. Fis oal wes 
foe allow POS TO PICoeTiL tes Of prosrars "(sine ordinary 
mathematical methods [f4]. He was able to do this tr tesine 
the lanzuaze cn the lambda calculus. 

me. programs clearly aemorstrate enoitner advantase of 
NES e Of recursion, namely clarity ance similicity cf the 
Aosta text dor iterative procedures. The figures 
Bee a sirple iilustraticen of tais fact. Fi 


MemeaigS LIS? code for a routine tc reverse the elements of 





rar list, gure 20 1s a *L/l-8% routine to rericrnm 
Bar Task, 1.62, reverse the charecters in an arbitrary 
sentence. sventhougn the PFL/I-22 routine need not worry 


about individual elements that mizht taemselveas be Sentences 


Other list precessing” languages include PLANNER, 
EAV, PROLOG, INTEFLISP, and SLISP. 
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entence ptr, 

i wordnode based (Sentence; 
among Char (oe) vwarvins, 

Zaye ott; 


Dornen, 
call reed(); 
if sentence = null tien 


call write 
end; 
read: 
Oro G5 
Cel 
newword char(32 

newnode Dtr; 

sentence = null; 

put Skip > By wu 
do while | Bes 
LA ay eee 
if newword = °.° ee 

return; 


<i 


allocate woräücode set (newwerd:; 
a Aue! = s9ntence; 
sentence = néwnoce; 

Rondo, = Re 

end; 


end reed; 


write 

proc; 

ae. 
DIE y 

a seua. 
don maite (Sentence = 95 
Slt aS wom: 5 
p = sentence; 
free p->wordnode 
end; 

SS) 

put skip; 

end write: 


e 


(> NS 
þ— we 
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See 
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end reverse 
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(Reprinted from the 
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Bring Yrocessing: 
Tre basic idea of a Sstrinz proczessine lanzuaze iS thét € 
Moe ram consists of an ordered firite set of transforration 


Mies, an idea inspired ty Markov aleorithms. Zach of thes 


(1 


m left~hand-side describing the composition of a string 


of characters, and a pieni nand- -Side sPecifyine a 
Mames obmation to te applied to à string that it to matches 
the pattern descrited by the left-hanā-side[12]. Fules are 


t-j 


es in order of teeir appearance in the text, in so fe 


de ah 


Be appropriate. At every Step the first applicarle rule 
Eeee anc the process is repeated until no apolicatle rule 
Nor until an explicit stoppire condition is zivel. a 


very simple example of this process iS Shown belcw. 


Mransformatiog rules: 


ioe / ah 
Ber ok / ba 
me ada / ab 
ay / * 
ver: bbabaab Froauea: abadadaD lime a 
SE due nce o alverrating «Ss 
ando Ss.) besinalas with e 
aod endine with Dd? 
¡Meca tion order of rules: ews rine * 
1A abbbataat 
Ze abetabaat 
Dis abababath 
oe abatataba 
A, ababatat 
done. 





Sr ine may be thought of as a vector, array, or 
Bene that specifically revresents an ordered sequerce or 
elements. However, the number of elements in a strirg is not 
predetermined and may often vary dynamically [2]. ühereas a 
[met is a particular way cf representing inforratíion in a 
computer, a String is one cf tre types of information that 
May ve represented [42]. In otner words, a string is a list 
whose elements can not be lists. 


re 


Meee ucsic coperetions performed on strings A 


t 


earchine for natterns and transforming them into different 


In 


Cu 


Matters. Tne basic units of a data string, called items, 


Maye ve either individual alphanumeric characters, s .ecial 


‚2 


IS ETS, or pre-=-specified strines of characters 
strings have beer used primarily and conveniently in the 
wer entation Of text material, such es sentérces in ae 


natural lanzuaze or any arbitrary sequence of characters 


Meomesome particuléer data érea, 


Taing processing was first reatured as a furdarental 
Ni ructure in tne COMIT srogramming lansgvege introcucea 


MOLDE. Levelojed ty a groun of researchers weorkiii-e 


Meme one direction of Ineve at MIT, if wes desienec in 


Eder to provide the prefiessional ASUS witn 3 
Beeerarmine= system in which he could easily write ire 
programs needed for nis reseercaíe2].. 
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ioe la isequentlailro sc 


” 


me vrosrammer defines a sequence of rules tnat are 
Mere? in the progrem on some arbitrary priority. zach rule 
cies 2 cesired input that if found direrts tze ertien 
ne rule S$ output specification to be taken. There is 
Meeresicn for brancnirg, looping, closed subroutines, and 
NS ive Subroutines. The orosrémmer 15 resoonsitle for 


“weeping tracx of varameter passing. 


A COMIT program iS not very readable 


aa much of its early popularity was due to trea actual 
ease Of writing and using the language. COMIT ras Served as 
Beem moce)] for tre type of facilities needed for strirg 
u lation, and virtually every lasenaze wer has 
Mmeermmaed features of this xind fas tased them za a lerse 
Meeres, if Spirit as well as notation, on GOMIT. 

INCERT MR? O e = 

i = fatel2east 2 Slanacy Lodo: 

= =( ino blárr) - 

LOOP Ber: Jazz Re 

A Siri ¿fa 1 LOC? 

BESTE -ir-= ¿/“Q£ 3 (remove To 

p i all leadine bian<s, 

> Se +X/.Ge=?/.[1 LCI: 

í a {fhe 1 A 

ME TLINSE 3=-+1+” INTA 2 2% en 

IND 
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COMI? rovtine to intersperse 





pplication: 

Mee noice of a list ©ör strirz processing languaze will 
By depend on tne nature of the progrāmmirg problem. 
“Strings are more useful for linear comparisors, lists for 
structural access [44]. in natural language änelysis of 
Meadslation, written Strines of characters have been found 
Me oresent spoken strings of sovnd in the most ratvräl 
Wey, Since language normally occurs in lirear sequences, 


Meme cre most appropriate for tāss wierein some 


meeerarciy is znown or susvectsi to exist, 





ee DATA oT CTIS 


The earliest programming languages marinulated only 
MaS and arrays since Computers were most useful for 
Mercal problems. Consequently, not until the introduction 
symbol manipulation lansuages allowing corputation on 


nr 


nonnureric data items, did tne tala ot A 
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eel 
mmperiigence, for which tae computer is the major tool of 
PesSearch, come into existence. In fact Al finally received 
Mon irom the computine industry as a serious aree of 
Nesearca wlta tne development of tne first  pregrammings 
languazes desiened for its needs. These lansuezes were IFL, 


MANO ICON TT. The first two are list processing larguazes 


JY 


+ 
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Me third i$ a Strine processing laneuace. Cut of ft 
toree LISP acquired tne most populerity in and out of the At 


arena. 
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Beso ertrenely important, no matter what tae field o 
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in tne 
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[eeication, tnat date be represe 


t 
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þe 
in 


memrooriately direct ard Simple manne Ossie. Litt. 


ti 
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becomes critical as most programming tasks burr tne upper 
Meresnold of the corputers available memory early in the 
Meree co Sing. Thus @ programmer never wants to allocste more 


storage than is atsolutely necessary at any Doirt in the 


[ete 


Meee sscing. A major treakthrougn in tnis respect was mace 


with the invention of the list cata structure waich makes 





Eomvenient tne dynamic ellocation and deallocatior of 
ey, List structure is also a perfect venicle for 
Becursion (see definition, p. 93), now a cepatility often 
taken for granted in most languages. The list structure 
Bere is not sufficient for all types of Al programming 


tasks. For example, the EEARSAY-II speech understanding 


D 


wnaem is implemente ín SAIL wnerein this system may tax 
advantage of the set data structure ang association cata 
type. 

Bevore Continuing, e suttle distinction Letweer data 
type and data structure must te drawn. s<undarentelly, e data 


mage is an interpretation applied tò a string of bite [65]. 


Bay be structured or Scalar. A Scalar data type includes 


H 


Ue 


FH’ 


real, integer, doutle sreeislon, complex, IE 


, 


or 


@emeacter, pointer, and label. Structured data types irclude 


NS Ets, records, lists, etc. That is, they ere objects 


made un of elementary data tynes. Fer instance, an array Is 


tt, 


a set o ie Vc p rS a array e voudal ac ned 
@elsecutive memory locations, but net necessarily. Fer 227152 
mamex (usually an integer) which is defined there is an 
essociated value (usually numeric). The structured date type 
mememes a date structure wnen it is associated with e set of 
well-defined operations that may be performed or thet ‘ata 
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Poem tO create, delete, access, or modify it. Usin: 
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example of an array again, it can be created by naming 


declaring its Size before it is referenced. 4 value ray te 





Ea ea iv Specii; irg the incar associated with that 
MENTE. it mey be stored Sirilarly. Tata Strurturs overatiors 
may be considerec as a ion a date trpe [24]. 
Furthermore, a data type specification (scretires referred 
to as an abstract data type) is a representetion-incependent 
mermal definition of each operation of a lata type [24]. 

en Dee past, programming languages Lert the 
responsibility of creating, indexing, ana accesSsirg data 
meres to the'programmer. Lowever, tne newer Al laneuages 
provide built-in automatic mechanisms for nendline lares, 
Bemapively permanent information files conveniently. Tre 
exploitation of associative memory for structure stcraze and 
subsequent in ormat iori retrieval (a nattern metchire 
Operation) is one example. Most of the new languages are 
mmr processors. E@sides the facilities for dynamic storage 
allocation, they provide automatic garbage collection (see 
Emission, p. 64). 


The programming lengnages develoned for AI nave teen tre 
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means tv which some of the more novel invention 
representation have been introduced. The remainder of this 
meaorer will focus on the descriptions and implementations 
Bere most interesting and important of trese In 
Nte lar, they are lists and strings, tuples, rags, ard 
Classes, sets, encapsulated. data types, semantic networxs, 
werty lists, associations, and contexts and frames. Some 


miscelianecus terms ard concepts ere also defirec. 


IL 





LISTS AND STRINGS 

mcemrotlonsS of list and Strins structures were 
improcuced in the preceding chapter. in general lists are 
considered to te the fundamental date tyne for AI langueges 
Mmemeconcept was originally put forta with the introcuction 


Meer in 1957. Languages which feature list data types ard 


ny 


mere trures since tnat time include: LISP, LIEP, INTERLIS? 


9 


fee, CONNIVER, LEAF, SAIL. and POPLER. It is interesting 


hore note that INTERLISP and CLISF are extensions of LIS?. 
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EN 
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Mio tnat ELANNZRE and CONNIVER are translated into I 
before being compiled. 


Mae strine lata structure provides a means to manipulate 


d 


character data. COMIT (1957) was tne first langvase to 
Mide tnis concept. Sirce then only SWOEOL rerainrs as an 
Brent and populär strine-oriented lanevage. 


ELS, 34G, AND CLASS 

Mmuese Taree siructures are similar in nature as they all 
Mes ent sore ccllection of items. All three are orcvicec 
e ndard features in OLISP {45}, whereas in TEIOS they 
Mere be constructed via a special data type specification 


mechanism. 


Borie. A tuple is similar to a list but may Tv e accessec 
associatively. A. tuple may be asserted (pleced in the deta 
tase), deleted (removec from the data base), cr retrisved 


MON tre data base. For examyle, consider the turle: 


[N 
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(AT NPS MONTERDE ) 
The Statement ASSSRT(AT NPS MONTEREY) would store that tuvle 
MN ne data base as a true fact by placing the attritute 
METALES with the value T on the oroperty list for the 
tuple. The statement IS(AT <-thing NPS) would search tre 
Aa Case trying to find a value previously asSerted in a 
Smee CcCetween tne items AT and NPS. The search would te 
meme associatively. For example, if the tuple (AT CIVILIANS 
NPS) were stored in the data bas@ with a T value for the 
MODELVALUE attribute in itS property list then the value 
BeeverbtANS would te returned for the pattern värieble 


E thine.” 


BAG. A bag is a multi-set, an unordered collection cf 


a 
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elements with possible duplication [47]. Thus, [EFAG 4 


pe 
LI 


C) is equivalent to (BAG A C ÈE A) but not equivalent to (34G 
Fes Cl, 


A 


Bags are useful for describing the arsumenrt lists of 
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associative cormutative relations” [Sacerdoti 
Meepose the relation PLUS were defined for a tes-tyvpe 
argument, then the expressions PLUS (A A= C 
A), which are btoth internally represented with (FLUS(EAG A A 


Pee would be equivalent. by definition [47]. 


Mere A class, on the other hand, is an unordered 
collection of elements wherein reveated elements ere allowed 


but the internal representation ignores tne duplicaticns[<!. 





Meoses, bass, and tuples may te used together in a 
dement to separate different types of elements. for 
Semple, consider the followin= Statement and subsequert 


meauest : 


Sue the xitchen table there US A sup, COLT eeI0 >, 
Mewemaper, and toast. In tne living room there is a 
newspaper on a chair, a TV, aad a lamp. 

Bares On the kitchen táble that is also in another 


Loom? 


Oo statements could be represented more formally 


ase 


(CLASS(TUPLE ON 
((BAG cup coffeepot newspaper tcast) xitchentable)) 
(TUPLE IN (BAG (TUPIE ON newSpaper chair) tv larp) 


Beyineroom)). 


Seemecoulad at this point set up ä template usine Special 
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patera variables to specify a matcnirg operati 
Pie intormation requested above. This could in fact be done 


Mere the list representation: 


Bass (TUPLS ON (BAG <—X¥ <-<-U kitchentatle) ) 
(TUPLE In (BAG <-~% <-<-¥ ¢-¥)) 


where the variables prefixed with arrows are unbound pattern 


> 


Variables tnat will be bound waen a match is found. In thi 
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example they receive tre bincines: 
U=(BAG cup coffeepot toast) 
X=newspaper 
Y=livineroon 
T=(34G (TIPLE ON chair) tv lamp) 
where "newspaper (X) in the livingroom (Y) is the answer to 


meee request. 


fe ont 
Peepeecdi ly, ad Set type represents a finite vnordéered 


collection of items (of the same type; centainin 


- 
~ 


at rost 
eeemocctrrence of an item [18]. Thus, a set is also a class. 
Bauen, a class ray cortain a ccellection rf items cf 
yaryine types whereas a set may not. Some lansuases (le.e.. 
Meme co «require ar ordering property. Sets form the basis 
for the AESET language [16]. ILZAP and SAIL also provide 
coer functions for apolication to user-cefine? set úate. 
meme cesic operations on sets are union (conjoinine two 
sets), intersection (finding common elemerts in twe sets‘, 
test nor rembership, and insertior 2nd deleticn of 
mecawyicual items. 


The set concept can be a powerful one. It rovides 


FI 


Slarity Aia FOGG ssomnm@elion fOr “wavs of acnıevine 
MemenrrGion. repetition formulas sucz es thais is true fer 


members of this set STE ee ia ace O OO 


ments or recursion. Since A2SET is more stronely. 
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set-oriented than env 
at sore of its features 
n ASSET, sets can 


example, as all tnose 


p 
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The dorain and range o 


be total) are specified 


meme example if ies 


of the other lansuages a closer loos 
is warranted. 
be derined in a genera wey, for 


items Satistyime eae certain srecicate. 


( 


~ 


every function (all functions must 


nee zmemwore oreviocously ad=fined sats. 


- 


á new set teing introcucea it may te 


defined in terms of a preexisting set anc an euuivalerce 
relation defined for that set. Sore set A may have several 
ns cefined for it. lf £. is tre set of all fractic”s 
we @euld create the equivalence Set TVO-TEIATS which 
Mis all fractiors trat reduce to 2/3. 2 risyht tren re 
memory) defined as the set equal to A eccordin> to the 
eemivalence relaticn CWO-TEIRDS. 


Memesoc lL StruGtare 15 built on tne following functions: 
IN (tre usual set-membersnin oredicate, yiel7s 
a boolean valve) 
EQUINSET (gives a equivelence relaticn over a set 
referred to earlier) : 
mere! (gives an item of e set, if empty fives 
UD ten) 
SREM (gives a set which is the same es tne 


original, 


Soe cn) wen 


PImEeexcCludine tas iten 


Pat expression) 


a 





ebay 2 {Unctiommmectat eutsuts tree urlorn of two 


sets) 
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aaa o at fives the set »í functions 


Srongonensereto arocher) 
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(coat puts silo r iemeás set) 
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of a given set wnicn satisfy & giver 


sredicate: 


set (a Ez) Tntset!,n: yields a False values, If 
Br 2,.3,22,129,51,C,218), San 2=ro0olenans, ani 
SiT¿=Integers traen 
Seren Te en, te, an! 
Geter Shel IN SET2= (7,23,51). 
Mie motivation fer the deyeloprent of ASZT was to 
Gistinguish between an ordering of cecisions and an 


ns or evaluation!i6]. 19771. The desire was to create 
tee that does not force the programmer to early 
memm@etirent of decisions ne or sne would rather refer to 
Bone. for example, after indicating an object is an 


a it snould be possible to defer declaratior of its 
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or 1f 1t iS a procedures to deter speci 
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memes OF the corresponding aleorithm. The set concent 


@emo.dered a natural venicie for achieving these *=Cals. 
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Meee cAPSULATZ>? DATA TYPE 

Encapsulation 15 tae process of cefinirs a data 
structure from a user-svecified data type alore with a 
peo tication of the type s structuring metnod and the set 


Memerocedures that determine the primitive operations [59]. 


Emp Le. cof the encapsulation of a tinary tree data type 
Mtro wed from [241) is shown in físure Za. 
if te ee ` 
tre TELOS lanevege a Cepsule data type generator is 


provided to assist in constructing capsules (encapsulated 
data types). TELOS does not directly provide the user with 
Mets, Classes, bags, trees,cr zraphS. Eowever, all of these 
NE eesily constructed with the use of tne cepsule 
eeonerator. 

The capsule SATUCTUFE vrovides Moca? at on OR 
re Sen tavtion of detail, tnat is, Scope or context witnin 
Berne Specified type is aoplicable. This is a powerful 
ata Mist reaction. mechanism that combined with TELOS “s 
Bomprol abStraction mechanisms is cavable of astablisrine a 
Semple and Deco means Se ee 
theoretical concepts necessary for the developrert cf a 


eeneral theory of intelligence [293]. 





tyse Einarytree [iter] 
declare SM°TYTRSE() -> Finarytree 
Mare (Binarytree ,item,Binarytree!) -> 3inarvtree 
IS EMPTY TSE e( binarytree) -> Poolean 
LEFT(Einerytree) -> Binerytres 
DATA(Binarytree) => item J [UNLEFINZD; 


RIGFT(Binarytree) -> 3inarytree 
ISIN(bineryitree, item) -> Boolean; 
mor all ],r Binarytree, d,e item let 
ISEMPTYTREE(EMPTYTRIE)=true 
Iss Meg’ TEdm«MAne(].d.6r)i=feaise 
Pl EMPTY TREE) =EMETITEES 
MO] 
(EVDTYMPEZ)= =|] 
(Ren lee or) } 
T (EMPTY TREE) =EI 
RIGHT (MAZE(1,d,r) 
ISIN(EMPTYTREE, e) 
ISIN(MAKE(1,d,r) 
if d=e 
then true 
else ISIN(1,e) or ISIN(r,e) 


ee 


end 
end Sinarvtree 


Meee the encapsulation above a Simol® proerar may be 
mere to Construct a binary tree ana extract tne left 
ero. ree : 
ES1=EMPTITREE() 

TOREQ=EMPTYTREE() 

DEEBS=-RMPTYTREE() 

TRERL=MAKE(TREEI,A, TREES) 

TPES2=MAZE(T2EE2,5,TREES) 

TPEEC=MAXE(TREEL,C,TREEZ) 

LEFT(TREEL) 
The implementation independent way f evaluatirs an 


0 
SweoressiOn involving the operators of the data Structure 
would vield: 


LEFT (MAKE (MAK E( EMPTYTRES 
(MAKE(EMPTYTRED 
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taj Ca] 
ES 

te laj 
txt be} 


A 
oe 


This reduces to 
MATE (EMPTITREE (),4,EMPTYTTRE Ba) 
wnich is equivalent to 4) 


¿ncapsulation AS eta hee ToS, 
ri al Za 





per ty List 15 a structure used in List processire 
Memeuases and is associated witn an atom. It is a list mede 


MOE  attribute-valvue pairs. The size of the list is not 


- 


fixed and may sarink or grow during computation [1] via 


Special functions for insertinz and deletine attribute-value 


pairs. In LIST, these are “putprop” end “get” respectively 


\ 


les]. 


Mie of a property table representing a property-list: 





Joodrouse's 
Ode 


Colorado i. 





Toad 


Attribute: Value: 


Ave. Size ONE 


Nome nt Of as data Structure abstrastions, 
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lists are symbol tables, as the example atove illustrate 
ine mame entries are the properties and the value-entries 


the property values [1]. An attribute may also name a 


3 





Merationshin between the described coject and other otjects, 
It tne valve identifies the other pertz or parties to the 
relationship (see last entry in example above) [44!. In a 
data Pue. EdUivalent “GmpressStons “will have the same 
nroperty list [47]. 

Oper ty lists were first introduced to  prosramrirxe 
Bemases in IPL. They are basic structures for ary list 
processine laneuaze. No atom has meaning without sore 
w Cation of its Characteristics in some centext. fy the 
same token, no property list is accessible unless it has 
Meobicit association to some atom. 

NS. property lists are incorporated into the 
maueuarze features that is, functions for manipulatine ther 
exist as built-in operators zer The internal 
Bepresentation of the property list shown above would appear 
BS follows (demonstrating that a p-list is e list of 


associated pairs): 


Moredo E. Toed: 
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NA ture vions that ara usec to manipulate 
ees include(é3]: 

GET(Y Y) which searches a list X for ar attritute which 
Mes 7. Lf Such an attribute iS found then the next list 
element, i.@€., the attribute’s value, is returned. Stherwise 
Mer value of C5T is NIL. 

mooie ft Z) puts on a property list of literal atom 7 tne 
cute 7 followed by value Z. Any previous of 7 is 
Mepecced by Z. The value returned for PUT is T. 

PeorP(X Y =N) searches list % for an attribute equal tc 
Meir one is found, the value returned for PERCE is the rest 
NE list *eginning imrediately after that attribute. 
Bigerwise, the value is FN(), where FN is a function of no 
eeeeuments. 

PerenOr(X Y) removes all occurrences of the attribute Y 


rs value from property list x. The value returned is 


if 
hs 
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MANTIC NETWORKS 

A semantic network (net) is a eTravur defined ty objects 
Ama their property liste (list of attribute-valve neirs 
Aescribing the object). Tae object and «ke values are 
Me ly represented ty nodes while attributes latel arcs 
mor E program can traverse the graph in a semartically 
mered fashion by Startine at the soecified node of 
interest and followirg arcs sequentially te rearty Telatel 
Memes. This iS an appealing notion in that it seers 
analogous to the way tne human brain will jumr fror on 
related idea to another. 

Most of the work on semäntic memory revoresgentation nas 
Pee done with respect to natural language unlerstandire. 
MN ce inal  intent of suck research is to represent 
semantic r+nowledge in a computer in tne way in which numarns 
would Store such ‘knowledge in the brain. A data tase 
pertitioned Dee a Seman ticm ne Corey ites (Iinzereneiee 
meecoeaiity. In other words, a prosram can ferret inforration 


ee. 
Em rae 


from the data base that is not explicitly represent 


D 


Me. Of this quality is in 20t havine to clutter the data 
NOSE with noncritical facts that are cerivarle from otner 
facts already present. 

A semantic net scheme devised ty Cuillian (see figure 
se z=ments the data hase into planes. A plane iS a 
Bollection of concepts (nodes) conrected ty directed arcs 


(pointers) which tor,rether represent a certain semanti’ 


42 





-~ 


Eie; a distinct piece o 


Batersively to connect related 
arrows) 


hetween planes point from node 


f wenowledgee. Pointers are used 


nodes within p»lares (solid 


as well as tetween planes (dashed arrows). Pointers 


ODM a ec ade Moca to 


Meer in tieure 3d there are four topics, three concernine 
various mearirgs of the word, plant; one naving to ao witn a 
yarticular meaniog ot “food.” Additional xnowledee (planes) 
MEE adced to the net. Nodes may te connected erplicitly 
(within the plane) and implicitly (tetween planes) ty 
MM tTatine a pattern search throughout tre data bass 
Bewer, Information may be retrieved fror the net by 
Memes ting that one or more relationships, if ther exist, te 
momma between two topics. The orcsram would Start at one 
moge. Or interest, follow arcs to related nodes, then follow 
meemeraose to still mere distantly related notes and $5 on 
Meer levee a related concept. 

Semantic nets cave also heen usai in visiel scere 
Meelysis (Se. Fisure Se is e picture of 4 simple arez ant 
Meme tial representation cf it in ¢ $Smantic net. as the 
me is 2xv0csed to otner Examples and varieties of 
MES, and structures that are not exactly arenes tut 
Bear, tnis simple net may be réfined ani evpendes to 
Meerut fer various arrangements ty adding nodes ari ars 
S@ecitying possible additional parts and relationships fas 
Meee ieure Zf). Tae final expansion also contains all 
Mie Orration learned alone the way, e.g., ia the example, A 
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ot merelír suntorted by E anc C as was ssum 
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Semmens, It was discovered tnat A must in fart 


a _ a 


MACS. Leter e new strueture may te descrited ane & 


N: 


Metermination made by the prozram as to whether it riaht ra 
Bear arcn based on A pattern maten etitemopt 
Meework representaticn and tne actual ccmpenents of tre 
Beer. Furthermore, questions may be aszed about the 
Meets of the matchine process. 

AS mentioned earlier, a valuable nuality of serartic 


Bene ie that they allow inf2réencing of information not 


ta base. “nis ca 


Q! 


Aet ly stated in the a 


Mot ed ty meens of a dialogue that occvrres Leiyeen 


enger and nis Serartic informatior processing vrorsrer, Si- 
Mme ristre Sc shows tne actual alelosre and fienre Zc 
depicts the semantic Tevresentatior where tre rodas are 
eejects or nouns ena en IPS TE NEL Scere 
Nos pios. “38 informatica beire scugait is tre number ci 
MS: insers 411 trat is explicit in th= asetuora is tha: 
Meme hac two arms, each arm mas one Nand. and Eerı hen Les 
meve fingers. Ince the necessary reiationsS Reve tesa 
tened, as tne dissrem shows, tne rragrem cálls a 
Brocedure that is invoked whenever the task is te reply as 
Be many elements of tre set x are parts of tre 
Migividually, where nere x=finsers and yv=Jconn. Tae enswer 
Mei putLed Sy Tne procedure and tne program reporte it to 


fe ig [41]. 
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Althougn semantic networks are not actually featured as 
ME” structures in any of tae Senen ees considered, It 
nas become an important scheme for data base organization. 
MiS true for the reason just cited as well as tne fact 

nat they are relatively easily implementea with the new 


mes, processing languages. 
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The inferencing capability of Quillian's nets may demonstrated 
in the example as different planes are shown to have intersections 
(live, for plant and food; sad, for cry and comfort). The claim is 
that the distance from the planes to their intersections is cdir- 


ectly proportional to the relatedness of the concepts. 


Semantic Network - Quillian 


Figure 3b 
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wor Isaalzerson) 
(I tnderstand) 


Para, John ls a Boy) 
ae Inderstand) 


Pr, A finger Bora ern) 
(I Understand) 


(Ma, Fow Many Fingers Does Jonan Eave 2) 
(The above Sentence Is Ambiguous ** I 
Means (Fas As Parts)) 

Een t Know Whetnoer Finger Is Part 9° Jonn) 


ty 


ry 
Q 


here Is One RA On tac ATM) 


- mM 
H nderstand 


(sens | There Are Two Arms On A Ferson) 
(I Understand ) 


aoe Eow ManyFingers Does Jonr Eave 
(The Above Sentence ia Ambiguous ** Sut I 
Means (Has As Parts)) 


((Zow Many Finger Fer Fand ¢)) 


p> ©) 
nn. 
in 
cy 
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D 
we 


e, A Fand Fas 5 Fingers) 

Me Above SEintence Is Ambiguous ** Zut I Assume ( 
Means (Fas As Farts)) 

(I Understand) 

er Fow Many Fingers Does John Fave 5 

Tne “Above Sentence Is Ambiguous ** Fut I Assume ( 
Means (Eas As Parts)) 

Bene Answer Is 1¢) 
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AE S OCLATESN AND ASSCCIATIVE RETZIVAL 

Mano a nen manos varses recosrize that provision of the 
Memabiiity to store and access data associatively (1í.e., on 
the basis of some property it possesses with no regard to 
name or location) a basic necessity for current and future 
en ClIisr, SAIL, LEAP, PORIER, ard TELOS all provide 


en associative cata type aná therefore, essociective data 
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Base organization. This powerful mecnanism i 
Mco ns trucetion ot goal=orientecs systems, wL£ere procedures 
to be tered “for  Treachin= a ¿01 are idertified ov 
Preseription rather then by name. Furthermore, it enetles tnes 
appending of procecural or declarative Series o 3 
now ledege-tased data store. Subsequent usé of these chunss 
is determined ty some control abstraction (e.2., a demcn, on 
the an for an instance of a certain situetion) wrose 
meecification most likely preceded the entry of tre chunks 


into the system [53]. 


{V 


Bu zeneral, an association lata Struc ture is 
Meree=tuvle® of data elements of the form itemi * itemz = 
items [18]. For specified sets of items an association is 
executable. For example, the following three-tunle: 

MAKE = AUTOMOST ES = FIAT 
could be analogous to the executable statement: 
Moneda Such that x in SUTOMGEIL# do MAKs 5x = PIAT 
mich instructs that all elements(x) ir the set AJTOMOSILE 


will have their MAKD property set to FIAT . Thus, the 


O 
Mm 





er interest is ir attribute values of ore or more set 
ements. In the examvle, AUTOMOEILE ’item2) is the set, 
\ 
é 


MA temi) is the attribute, and FIAT (item?) is the value 


Bene attribute [4]. 

Mee ocvious application of association occurs with tae 
mentation of a property iist as a list of pairs 
Meroperty, value) linked to an object. However, from á user 
MOD o t=view this scheme is handicapped, as it is one-way. 
Moreinstance, there could exist a situation where a list 
Contains sublists of three atoms each, representing three 
memes that a family might own Such as an autorobilé., a 
mouse, and a vet. Eacn has a preperty list as snown in 
Mitre 32. Tre problem arises when one has a value with nro 
mee Or What attribute it belonzs to. The value could te a 
mamoer like 1972. This could stand for the year of the auto, 
maemevedr Of the house, or tne square footage of the house. 
MssOClative retrieval tased on wanting to Know the value for 
Meme crs ied attribute is acceptable since tne orcer and 
Meeerm’ nation of attributes is <rown for each p-list. There 
Memeo way to find an attribute based on an arbitrary value 
Save to brute-force a pattern matcn through every cell of 
Seem p-lict for each element of the set. Such a searck 
wculd require an enormous (if not unreasorable, exrense in 
m keeping and time. SAIL and LEAD, however, provide a 
Sioraze scheme that allows such a backward asscciative 


meeval operation on p-lists. It is done ty designating e 


al 





Mamepeuucis ticck cf storage ror €acno prlist in which each 
Attribute is assigned a relative address. A hashirz Schere 
Opevalues is taen used to store and retrieve the attribute 
data [12]. This setup allows the flexible access of items in 


Beep-list either by attribute or value. However, it also 


wes a requirement of twice as much storage as usual. 
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Brosertv Liste, 
alte os: 
Be CONTEXTS AND FRAMES 
waere iS not ee agreement on the reanine of the 
NS context and frame. Some use them svynonvrenusly, yet 
ira a distirction, albeit a subtle cne. SOT 
nee, context represents an implemented nrreramnine 


mechanism, whereas a frame refers Does Cata Stills 


Eh 


Meee Only. This policy is sufficient for the purposes o 
bars discussion. In a rough sense a context may be tnoueht 


2 


Ss a viewpoint on a data base [47]. More specifically. 
MS 2 data structure representing previously stored cours 


of stereotyped knowledge (e.g., driving to word. makine a 





call, typing a paper, etc.) [9]. It is provided as a 
limited attempt to implement Minsxy's complex frame data 
merpuyeture idea in QLISP, CONNIVsR, and POPLER. in these 
languages, the mechanism works in the following manrer: all 
Memrecsions in the data base are factored into segments, 
each of which may be referred to as a context. Assertions 
mae pe entered and sutsequently retrieved from the data tese 
With respect to a context. (This is analogous to a block” 
in a block-strvuctured langudge.) The context may re 
Mela tee explicitly or ty default (i.e., baseé on the 


Ire of the flow of program control) [4]. For exerole, 


t 


consider the CONNIVEA prozram module: 


r. (PROG!Y) 

2. (Same Y G70) 

3. (SEROFYAR2 (TAG LAB») 

a, (SETO VAR1 (FRAMZ)) 

S, (PINT 'ETLILS) 

PARL (PRINT “°GCODPYS) 

A (SETAT 5) 

2, (PRINTE CEVAL Y VARI) 
) 


O 
(N 





The routine above cemonstrates the use of twe special 
commands offered in CONNIYER for manipulation of contexts. 
The commands are called ©rRAME which creates a pointer to the 


rent frame so it may be modified or executed again later, 


(D 


eG ybich is similar but it also snecifies a starting 
location within the frame [4]. VYith respect to the example, 
one coulc Pee e ON a JA2i. vinstructlon :Causirz 
processing to commence at Statement 4. a CCNTINUE V422 
Mmeetruetion would send control to statement 6. The C£TAL 
command in statement £ would cause the value Y (=17&) within 
miemcontext of TARI to be Drinted. The mechanism in eack of 


Meese tunree languages works in very much the sare wey. and 


D 


Mes the same principal value, that of allcwirg tt 


ct 


programmer MOR One Cer alternative Situations, wirken 


Me a global ¿data tase, ty specifying the scones cf 


E tindines, i.e., Switching informational contexts 
or fremes of reference. The frame structure nas teen 
referred to by many other names includine script ‘Schankx 4 
MA), units (Bobrow £ Winograé), depictions (Hayes), 
and common sense algorithrs (Rieger) [3]. 

A new context is created, in a program, wherever a 
user-defined block is entered (or a CIAMBLA funrtion is 
Encountered in CLISF). The current context is set to be 4 


% 


Meeeendent of the previous context. This is known as 


.. 
E 


Dusning a conmtemumcll.. "Hig means that variable bindines 


BeadeasSignment of properties to expressions that are local 


cn 
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NN context are accessible only from taet context or a 


Mescendent context. 


Parent Context MAS SERE Signatures are on thesis. 
Tescendent te Pe Ass ures bless 15 on library shelf. 
Context (collecting dust). 


peepee respect to the drawing above, scope rules cictate 


wany assertion made with respect to Til will te available 


fi 


MN meries made with respect to T2. Thus, if asked whether 
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ama tures are on thesis, with respect to T2, 
Ie ves . Fut, assertions made wita resect to that 
descendent are invisible to oueries rade witn res_ert to its 
or any other context aside from its own cdescencéents, 
Distance, if thesis is asserted to be on the litrary 
NN 1ithn respect to Te, tnat informétion will not te 
available to queries made with respect to Ti [51]. 


Bern Minsxy was the first to seriously put forth the 


concept of a frame Cata structure. He sugzests a frare tro 


t ty 


mrouent of as àa network of nodes anrd relations. Fe ETLAET 


explains “is idea witn the following elaboration: 
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DC reis oof ee frame are 
rer words represent talñes that «re 
always DES ee aut tae supposed 
situation. The lower levels have many 
“terminals -— slots that must te filled 
Bes sec zyeseınsesme-s. 02 data. Zach 
ven nael come DecLıty.. coneltIons its 
assienment must meet [22]. 


The "conditions Come eno) eSimole (1.2... Teaqvirine 
Memmesnment be made to a person, otject or pointer to andtler 
assiznment) or complex (i.e., a relation existing among some 


Bes aSSiened to several terminals) [84]. All terrizal 


nodes are loosely assigned default values tneresy conferring 
on a frame many details whose Soe Osun eo is not 


Boeciticaliv warrented ty the situation. These essienrents 
may be easily displaced ty new items that are disccvere2i to 
Seppe r  aescribe the current situation. 

Ae zample of a typical use of tne frare concert is 


wowed from Winston to Now a room could be descrited AS 


1) 


frame in figure Sh [64]. A frare may contain subframes. 


Mat is, a frame slot may simply contein a pointer to 
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Ote: frame. In the figure each 


A 


y agein contain 
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ME as a pointer to a wall frame, which me 


subfrares. 
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investigation namely, tne Fame problem. This is ta 
problem of creating ena aii gclarnessen Jeszroauricte 
informational context, or frame of Teference, at eacha Stage 
in certain problem-solving contexts [42]. The essence of 
the problem is bookkeeping. Taere are an enormous nurter 
02 details to xeep track of in the 
MES tine from alternative actions wnich cculd be taken in 
er carry out a given task. Much of the oratlen is due 
Memeconmolexity. For examole. a typical Situation miekt 


Na ¿rame description of 1,809 elementary facts. It is 


Memeo reasanable to think that an averages of 6 different 


Bone 15 plausible in any situation ard thet successive 
actions are required te achieve a z031 state. This implies 


were ere 6 =12S6 possitlie ¡intermediate arí terminal 
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MS Tons to be considered., Storins 1,rece fact 
MENO: more täaan 1,208 sisväations mears storine over one 


Non tacts, whicn is not yet e feasible trirg te co if 


all facts must be availatle in main memory [44]. Te relieves 
Enis problem current research is Comee nec wit 


Bavestizatinze tne possibilities of using State variatlss 


(each node would carry only change informétion). This allows 


ae 
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the incorporation of the SPates “assumrution | 
ER mechanisms. The STRIPS assumption is that en action 
heaves eli the relations in the model unchanged. unless 


Meerwise specified. Generally, the snecification of change 
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is made in add lists and delete lists which accompany 


= 
a 


O exemnobues 


1) 


Map plication of an operator to a situation. 
consider a situation where a car with a driver and a 
sleeping passenger is going down the road. The state may te 
Represerted by the assertion of all the following 


ereaicates: 


MOVE (car forward) 


fourdoors) 


111 
po 
an 
O 
ey 
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S (car red) 


a 


T (driver steerinewheel) 


Ir» 


cn 


IEEPS (passenger backseat) 


< 


MeS (Car 62K) 


am 


IN (svaretire trunk) 


MON apply the Flat Tire operator. It has add and delet= 


lists as follows: 


woe LIST DELSTE DIST 
meeicriver tire) AT (driver steering wheel} 
IS (driver mad) MGVS (car forward, 
MOVE (car nowhere) IN (sparetire trunk) 


On (sparetire axle) 


In (flattire trunk) 


Me application of the flat tire operator creates a new 
Na ica iS different from the first es crescriled by tre 


and delete lists for trat actior. The entire rod=1 need 





not be regenerated since it iS xnowan to be tne Sare 38 
NN ith the exception of a Frew modificdtions. in the 
Beeample above for instance, withcut navine to be explicitly 
Memeo it is known that the passenger is still asleep in the 


mR 
1 


backseat. he resulting state is analogous to a descencert 
eOutext. 


Bear to a frame is Schank’s notion of a script. 


in 


wnereas a frame usually depicts a static scene, a script i 


d 


ra 


Mm 
in 
N: 


MEE To represent an event, something that incl 
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In a} 
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Beet time ordering. Figure Ji sacws a script generated 
Seeeocarnica about grocery shopping. 

Tne advantage of a frare or script-type representation 
Brit will contain intormation exrpecsten to construct a 


Specific ordinary event wnetner static or dynemic. 4 progTa 
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Metas on a Frame-orientei data tase need te to 
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eitli only that information which is not accurate 


n Bere. or >: 
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ample, a Snooper may not use a tasyret at a 


ct 
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NET. store. The slot for that aspect is loosely bound to 
Meemvaltic that iS iuitially installed there. rcth frares anf 
scripts mav te stored, retrieved, and modified. etrisval 
may be done via a pattern match oz a goal (frame needirz* or 
moa link from a frame slot to another frame or frame slot. 

e reat deal of work remains to be dore in order to 


sao 1 r 
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Fully realize tne details Ol Mins ey s frame. apsuract 03% 
NN any vroeress made alone that continuum will contritute 


mmine 


ee simplification of inherently comolex prosr 
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Mees a5 Ore woula find in a question-answering s¥ster or 


problem-solving systen. 
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MT EFINITIONS FOR DATA STRUCTURES 


1. Tree 





Pepetree is Similar to a natural tree except that it 
Braun upside down. Technically, it is a directed graph in 
which each node has at most one predecessor. The root node 
(at the top) has no predecessor ever. A node with no 
silecessor is called a terminal nod. The lines (all havine a 
downward direction) connecting nodes are called arcs. 

Bach node is associated with a level of the tree. 
mares level of a node is one more than its distance from tne 
meomenoce. All the nodes on €ach distinct norizontel plane 
Meptesent another level. The depth of the tree is eaual to 
the number of levels it nas. 

Trees may be used to conceptually represent the 
Sreanization of a data base, or the search spece for a 
problem. 

eede s Tarere amined For solution in & (certain 
order. Tne most Sonmonseorlerıneszwere/bresckh-firsı, 
Meee 1rSt and best-first. Breadtn-first examines the nodes 
Beach level, starting at the root, in a left to rignt 
Mmerection usually. Depth-first search, on the other hand, 
travels all the way down the left most branch of a tree to 
Pre end, or as far as a pre-specified bcund. The search 
successively makes its way riehtward always going dowr tre 


Mette most branch till a solution is found. Jhen there iS a 


ee 





Eger associated with eacn ärc and tne protlem is to find the 
mst cost goal node, test-first searcn is the most 
efficient method, although it iS expensive in terms of 
meaeredee. This method will choose to explore past a node if 
the cost on any arc leading out of that node (added to the 
metabecost co far on the patn) is less than or possibly 
equal to the cost of a path leading into another node at the 
Meme vel, current least cost path. The first goal node 
found will be the one at the end of the total least cost 
eatn. 

Figure 3j shows a tree with cost values cn the ares. 
The goal nodes are blackened. Results from eacn of tne tnree 


search search methods is shown also. 
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muchos Low ds Ferme derived trom LISP. It is a symbol 
MO name an object, such as a variable, function, or 
some object in the world in which the program is operating. 
MNSTODboOt world an atom could be a table, or box. An atom 
LS the malle tmenin viit of information. Tre 
following examples could be atoms in a program: A, X9, SORT, 


WINDOW, FROG, etc. 


See > expression 


meas iS a LISP term that is used when referring to 


meres Or atoms in general, and neitner in particular. 


4. Garbage Collection 

a S is a facility some larguages offer for 
examinine memory at periodic intervals to determine which 
Bons are not currently in use and returning these to 
miemerree list. This is done by following the chains of 
Mmemopers from active list variables. Any ceélis which cannot 
be reached are considered no longer needed [66l. When this 
Beeean:sm is supplied by the language tne programmer is 
freed from having to keen track of used and unused memory 
which in See Str orocessinme= language without garbage 
Sommection requires very careful and attentive rProgramming. 


See also [54]. 





IMC UN TACA IS TRPCTUZES 


Control strVerures are an eA nea ral Dart» Of the 
proserarmine environrent. They provide the framework or 
ons for specifying rules directing tne flow of 


Meocessing and interpretation for programs or parts of 


in 


program eter oOrmexamole. a. control structure mirni 
Mide a seneral rule that dictates that staterents he 
ed one at a time in order &s they appear in the 
Meam descriptior. A discussion cf control then rust also 
Meelryae consideration of program seguencins rrles for tne 
BER of such) or even the indeterminancy of the desired 
sequencing. 

Merly programming languages, flow of control was 
ME ly hierarchical, meaning every rodule (procedure, 
Mametion or any primitive program unit) was exsected to 
momolete its task before returning control to the rodule 


Boceos ie occurred sesreraallr 


Wy 


Mat activated it [4]. 
MET When interrupted by iteration or conditionals or 
Meemehes like go tos [21]. Such limitations on flexitilitr 


L 


J. 


were too constrainine when it care to prorramrming complex : 


cy 


j 


a 


Systems trat accessec and maninulated very lerge steres of 
xnowledze and more often than not, reaquired subsequent 
Man control to be dependent on the result of an access 


pre manipulation 


O) 
[N 





Mec) i ttle surprise then to discover that witn the advent 
Bere first AI language , IPL, a new control structured 
was introduced. 

IPL was originally designed to implement tae ICGIC 
TEFORIST (LT) theorer-provine system of Simon and Newell. 
Mrs task was to prove theorems in propositional calculus. 
Memcomadoing it would iteratively apply a variety of logical 


halt ths 


O 


rules to tre proposition. 4 mecaanism was needed t 
Mc ation and pursue proof of a subproblem anc then 
Meesioly continue where processing had earlier left off. The 
“generator was that mechanism and it enabled repetitive, 
non-aierarchical processing. It would produce a seauence of 
Memes tO Which it iteratively anplied a specified process. 
Any iteration producing a false (toolear) value could 
terminate the generator, but not before ensurine & possible 


meager reentry at that point{el:. 


Mene of its basic control structures was recurslor, 
is 2a naturally hierarchical strvcture. Fach recrrsive 
call creates a separate activation at a new level. 

Melt, a striaz processing lansuage that appecred atort 
m@emeesame time as IFL, was chaeractsrized ty a primarily 
E ential program flow. A progran was simply a prioritized 
list T e e a Ona a a actors ir String dete. 


IEEE, Only the rules that conteined a specified petterr 


in a sudstring of the data were executed. 
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NAO. the Dower ard sonhisticatior ct tre contro 
Biructures of Al laéneveees, over and atove wnat is eveilatle 
we conventional prosrarrize laruaers, is dua to ttre 
Mpoausion nf a variety of decuttive recnanisme. These are 
mechanisms that provide an automatic OF at least 
semi-automatic data base Sel o Cepabilllvo “Ae, more 


automatic they are the more nonvrocecural tne lansueze turn 


ct 


MITO be. Tne most nornprocecural lenguage is PLANNER ena i 


Bed offers the most automatic deductive mechanisms. 


PEANNE?’s primary tool for deduction is the conssavert 
fheorem. it has two parts, a pattern Statement (Fù ani a 


AN 


Srocedure body (2) which are employed in a 3=>P marrer. Trns 
Bertha prosram „ were successfully executed than the 
assertion matcred by the pattern ? “oulfi te nroven  (4;. 
Mrequentiv the program €  reguests that an asserticn be 
eget .c., that a subeoel te achieved. The conseynernt 
MISOTemn ray thus set up a backward chaining mecnanisr for 
Nine tre data Lease. 2or exemple, consider tre sitratinn 
Meme dad zoal is to assert that there are »iraftes i: $42 


Bezo: 
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as sertion desired is rot ernliritly avallarle sc tzs 


Besten is to find 4 consequent treorem trat werld erable 
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Meemcderivation. The theorem below woulc do just tnat. 


[CONSEQUENT 


moe first ste IS TOM at ae tensa St pattern (INS 


’D 
¿a 


deassertion (IN (GIRATIHS SAUTIZES'. Tre 


in 
He 
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Emet the decir 
Boay cf the consequent theorem instructs that two sutenals 
Zu ieved. The data fase is searched for an essertion thet 


iF 
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matenes (IN GIRAFTES 27) wh 
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Ns. position will be acceoteble. In thé data tase is 
found (IN GISAFFZS 200) wnica matcass. One surgcal nas Teen 
INE Ted. Tre second causes a deta tase searcan to find a 


a 


fa Ss ae fact treet (IN 


HA 
t 


Birch Sor (IN ZOO ?Z). 
SANDIEGC). Thus the consequent thesrem nas been successfully 
ed and the assertion nas been proven to be true. 
Mumma CChinz capetility is fundamental to tne success of 
mes type of deduction. 


Uther languazes that offer mecnarisrs as descrited abcave 


a) 


Bnciude CONNITSR, 


ISE and mer. In all four lar2@ua@ees 
Mme Gata vase Search is initiated by an axvlicit roal 
ernennt, Tne dirferences tetween them is tne a4rourt of 
Brosramrer interference allowed in constrairins tae searca. 
NER there is little or no opportunity for tne 


Moe rammer to exolicitly direct tne searca process whereas 
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laneucees Deore á ALI Eonecerue, W“RICEN Specifics 


me a noB=atomic expression is encountered. The frame 


emi airs all the information associated Nola Ger every 
Meet ion of tne access module in which that expression 
resides. Furthermore, the programmer has access te all 


Meee nts of a fréme including linzs to module continrétion 
memes, bourd variables and free variable envirorrments. 


Mee CONNIVEE analoge to the PLANNEF consequent theorem is 


= 


MS TEN EEDEZ demon, for €LISP it is the combinatior of the 


f o ? r I 


Band cases” commards, where “is” dir: 
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wech and cases” performs pattern directed erecuticr. 
wewe POPLI? offer similar features in tae form of the 
achieve” and “irfer” commands which are eacha a forr cf 
consequent tneorems. “Achieve” will attempt to assert 4 


3 


Sneci*ied goal whereas “infer” will merely cnecx tre status 


(D 


Mi ecitiec goal. tasically, all taese mechénisms provide 
Becapability to deduce desired logical expressions rem 
Meeviously specified expressions ina manner Sirilar to the 
Geducton of theorems from axioms in theor®m—provine prosrams 
[é]. 

Bneksepine with the philosonny that use of control 
Meemec1ures tetter suited to a programmirg task can sirplify 


Mey task and expose the Significant problems in that 


Men, a variety of control structures for AI prosremrire 





languages suited to a variety of Al tasks have been 
Mere loped and refined continuously since the contritutiors 
of IPL and COMIT were made [21]. 

te” remainder of the chapter describes rany of the new 


Seructures emploved in AI programming, and discusses their 


implementations in the Al languages. The followine 
EDUC tures ard concepts are inceumee: La ta-driven 
programming, demons, COTO ies. roce” NEL ROLL 


— 


Sedininsg, backtracking, deduction systems, patterr-dire-ted 


iD 


Mmeyocation, and discrimination networdc«s. Sore miscellaneous 


Merms and concepts are cefined at tne end of the chapter. 


4. DATA-DRIVEN PROGRAMMING (DISPATCEING) 


Pato driven programming is a style of 
programming in which the bdeundary be- 
(Wee no casa peda becomes even 
more blurred than usual [64]. 


Tata-driven prosrammire iS a methed of attachir2 
Me rams to data, thereby relieving tne programmer of the 


m 


ML Of predeterminine much of the program control. Tre 
Mmecming Cata actually takes control ty cavsing invocation 
of pre-specified, data-type dependent routires TOT 
application and execution [9]. 


J mes may be done by sunplyine a calling procedure with 


O 


Me user or argument input data that has leen acscsocieted 


1 procedures in the data base. nis causes tacse 


Meocedures to te invoked and exrecvuted [51j. In perticuler, 


= 





Sp this is done bv storing tyne specific Turctions in 
NO rr of IMEDA expressions on the property lists of 
eıme-describing atoms. These Peet ens ere haan 
automatically fetched later when an areurent of a eiven type 
pears. 

A simple example may be contrived to ceronstrate tre 


mee Of attaching programs to data. Consiler the situation 


et 


Meee which one would lixe to asser tae Relations. 10 
MON ONENTS (fiager, hand, 5) or CCUSINS(mary,bot‘. In order 
to do so, a general purpose procedure store”, witz its 


Mmeeuments, must be called. This procedure will allow tke 


BE zammer to essert different relations, each type of which 


It, 


May very well require a different metrod of storage into tre 


data base, For example tne components” relation mev use a 
hashing scheme, whereas the “cousins” relation may te pushed 
Maro a Stack. In any caSe, there mieht be several different 
Mees Of relations that are asserted at varicus times. It is 
Demy desirable then to have a seneral functior. ir this 


Mie store’, that would taxes as arguments the relation ani 


O) 


Meaearstuments. This function would then proceed to look on 


Y 


Nr overty list of that relation to find art execute the 


Meemereiated Storing function. In a Situation such as tris tre 


ea ee 


memerd] function (e.g-., store) is said to disvatch vo 
me., A OO. aa ite nromatness,  srocedures 


associated with relation names. 


A benefit of data-driven programming is that program 


rI 





Emery is avoided whenever additional informaticn is made 
Syailable to the svstem [64]. If a new relation were created 
or an old one altered in tke example it would te taker care 
Mia property lists and the program code need never te 
changed. Furthermore, aE is a necessity OR POS 
Mi tementation of patterz directed invocation and aerons 


Beat are invocecd on the basis cf recognition os a 


pre-specified data type [5i]. 


The idea of a demor is well-snc«n in many other 
Ma cammine ereas tesides £l, e.2., operating erstems 


development. 4 demon is a procedure that is autoratirally 


eu 
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ruhen a pres-necified event takes place, such 
Moenraition becoming true, 4 certain value being cnanged, or 
some relation being altered in a certain wav [22]. Most 
meommonily teney arel invoked by data base additions or 
Meets, ACtivation occurs with a successful matcn teétween 
Mata item and a pattern asscciated with a deron [4]. 
Frames are in essence a demon-bäsed scneme. 1 frame mar 
Meovide the capability of a dsron by containing a pattern 
Meet invokes a certain procedure. Programming lénevases thet 
Beer deron-lixe facilities include FLANKER, CONG ois. 
MESE, and TELOS. 


HOE. er, ke Po E iS SANS” ste helen, 
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Meer Dility to design an efficient system in which a deron 
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is activated only at appropriate times, or a more carefree 


System wherein tre demon is invoxed at every oscortunity 


tG) 


Ma Croups of functions may be defined to act as tears o? 
demons that may be associated with an arbitrary database 
mrorefe or retrieval command. 

In PLANNER, there are the antecedent and consequent 
ms, The former are, in effect, more thata Ct 
independently to add and delete facts to the date base as 
Miner meets ANAIS: An antecedent theorem or deron 
Mepresents a fact in the form of: pattern (p} and body ft?. 
Jhenever anything is asserted (entered into the data base) 
Mn antecedent theorems are checked against tne cata Case. 
Mm the recent assertion matches tne p part then the tb part 
Meermmediately executed. Consequent theorems, on the other 
hand, are not really demons but rather fact-finders. They 
Meemceductive mechanisms used to estatlisn facts thet <re 
memmpeardatively unimportant and that by not having Feen 
Meserted do not clutter the data tase. Their information is 
MN Ty cerivahle. Similarly, CONNIVER nes [T3-NEEDED ard 
MADDE demons that are analogous to FLANNER’S consequent 
and antecedent thecrems. 

EER OS, the use of demons occurs in a clearly 
demarcated textual scope. amono lio event mecienism. As 
Meee tO allow the programmer to detect and trap error 
Meer ons and, if desired, to limit the effects of their 


Scope during execution [59]. 
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Demons are Used, among OTR 
Urderstandine programs tnat attemot to maze inferences wails 
reading. For example, a demon with the pattern person P is 
outside could contain in its body the fact: 

Mommy t 1s (Orewall be) rainina and F is outside 
UNC Wiel ob wet. 
me reading, the program may come across the Sentences: 
It was Faining. Jack wes outside. 
The first sentence would likely invoke a routine [called a 


lerts.all 


N 


base routine or niger level demon) about rain that 
Meee re lated to thet topic. The next sentence would then 
invoxe the specific cemron described above, 


Peeexamole of a Simole demon in CONNIVE® thet is invexed 


iy 


whenever person loses his or 2er jot may be defined to 


er the content of the data base in the followine rarner: 


DEFINE DEMON 

me SA DDD 

me LOSssS JOE) 

(Remove “2 is-a Eappy Person) 
(Add °F is-a Sad Ferson) 

(Add “2 has-no Steady Income) 
(Add °P pays-no Income Taxes) 


ENT Ber INITION 





Mepements may be edded at the end to have the demon 
Meactivate itself wnen it is througn or no longer needed, 


Demons are very useful as they add knowledse to a system 
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without specification of where it will be used (fs; 
are easily attached ana Rn camsulate ue” teen toc vide 
w ons that otherwise litter programs. Thus, vrcegrarms 


are more readable. 


me GCOROUTINES 

Coroutines are specialized control mécnenisms fer 
Meee OFS in which the natural civisicr of a rrecess into 
Eks is not hierarchical [21]. Three proeram structures 
men are analogous to coroutines, an? serve to derorstrate 
their appropriateness are: 1)Mutial subroutines, 3 


Memolistic point of view wherein each cf several procedures 


are to be written so that each procedure ray call the others 
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as if tne others were subroutines, ?)The 
Berspective of corcutires iS that of procedures with Town 


storage such that a procedure’s variables retair tneir 


(D 


Mes between calls. The “own” variabies retair rot only 
Mal. procedure cated, but also the state of processine 
Mia the procedure so that processin= will continue fror 
Mere point at tne next invocation, and 2 
control achieved by separating proerars irin 


weint perts and déscriting 2a4ch part séparately. Their 
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various Stazes of execution are tnen interleav 


al 
(051 


MN yiew may be considered more as a side-effect of tne 
mepLementation of a coroutine regime tnan analogy. 


Peeimolementdticn oí COroutines implies that at each 


MN 


point of invocetion Prem Ca iee TOMA ne», whick was 
Mins, iS suspended, not to be resumed except by 
St call, and tae routine wnich is called 1s resumed at 
ont from which it last left orf, with all of its 
mera! variables unchanged, that is, the previous state is 
restored [532]. 

meres adventage of using coroutines is thart eEacn of 
Several processes can be described as a main routine (vs. 
Mmeroutine) with minimal concern for thre interface witn 
Meer orocesses [21]. A coroutine may be ziver more thar cre 
Da tion point and use only one of ther depending on the 
result of some test [2], 

simple example would be producer-consurer Situaticn 


r 


ae two routirnes 4 and 5. Fontine As ict is to 


sırcr 


- -o 


if 


ata base for a certain type of expression or datum. ken 
mee nes found ore not previously found it fetches it, leaves 


-~ 


Nace rtaia location, Suspends itself and resumes tne 
Meecessinzg of routine B. Foutine E°s jot is te fetch from a 
meetin location àn expression on which it is to perform 
mee computation. Once this is dene it suspends itself arċ 
meeoumes processing of routine A, Routire A continues where 


Bert off in its data base searcn an! fetch. Tnis back ard 


Meera processing continues until A can no longer fina 


eo 





Me ssions er until E has performed a pre-specifiec erount 
Mco mputation. zot2 rcutires in this situation operéte as 
thougn each were a main routine. 

In TEIOCS, there iS a mechanism (function) called 
MewProcess which nrovides a coroutine capability. Newrrocess 


IE Tes a coroutine aS a process With specified actual 


Ey 
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eters. The value returned by NewProcess is & re 
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MON the newly created process. The state in which the ne 
Mess begins execution will te that which was operative 
when NewProcess was executed [59]. 

In CONNIVER, there are genérétors which are &@ kird of 
coroutine process. A zenerator will zenerate requested data 


Ma rm | 
SIr leg 
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Bone or a few at a time, to which some sp 
mmeecesS will he applied. The environments of the process and 
Meee eenerator are independent end not nVereteditoeel sy 


mer, If more cata items are later requested, the 


or resumes in the Cata context of tne previous 
request. An analogy would be a FOREACH statement wherein, 


Mesa would represent the generator and the tocy of the 
statement wauls». resresert the s5 
Beine that that particular tody may be interchanged with 
another body perhaps of anotner FORHACE statement in another 
MemeemecOontext. Then execution would continue in different 
Mate and control contexts for the two parts. 

Nara lso provides a limited coroutine cepebllity. Wen 


Mer use of a command callei SPROUT a new process may fe 


2, 
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mpeated to corrence execution at tne point it is created and 
Mme raliel to tne „process trat executed tne commard. True 
Meier iism is not possicle on a single processor computer 
so the SAIL run time system includes a scheduler that 
mepervises the multiprocessing regime by deciding which 
Mess 15 to be executed at a given instant. Processes can 
Maia instructions to Ssuspend or terrirate themselves or 
NeT processes. Tne RESUME command will suspend the current 
process and reactivate a named suspended process. Eut, ne 
eeni lity exists for cne process to pass any information to 


another except via side effects. 


Dee e2OCELDIRAL NETWORES 

Beecedural nets are uStally used for rerresentine plans 
Seeated by protlem-solving systems. 4A preblem-solver such äs 
BES (see Appendix FE} will zenerate kierarcrical plans 
ng at the highest level of abstraction of tne goal 
Meete tO Se acnieved until a sufficiently detailed level is 
machen tc allow execution. 

INES implest possibile procedurel net consists of a 
Peete node with two directed arcs, one leading in ani ore 
eng outs this would specify the single step in 4 


pre=step plan. 
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merefined procecural net describing a pret 


Memon lsuring arrangerent i to eet arrangerent 2 is skown 
below. In the problem, only 1 letter may be moved a distance 
Sone Space in any direction that an empty Space exists. 


arrangement 1: arrangement 2: 
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(note: Steps stacked vertically may be done in any order.) 
On more complex nets the nodes are the steps or actions to 
de taken, whereas the edges ¡(directed arcs; irnly tke 


memuencing of the steps. 


important feature of procedural n=ts is that woen a 
Man is generated it is often unciear what will te the best 


Ber to carry out some cf the stens. “ne order is allowed 
to be left unspecified until some later tire when the 
Merrect ordering does become clear [22]. This mary not täre 
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Meee till the plan is actually executed. lanmuares which 
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Ew tnis type of feature include PLANN 


and PROLOG. 
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meccAINING 


Biere are twoetypes of chaining: forward anc Läckwär: 


If tre goal of a search 1s 


deduced from a ziven set 


= 
N 
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As cover. all trat can te 


of facts then forward chainine is 


Mmprouriate. Progress is made as the system works fror and 


Ball state toward a goal state. 


Meece is fan-in. Figure 44. 


& forward chaining technique 


is an @xample of such 4 


The share of the State 


~ 


In 


DECE. 


(menns end analvsis) is 


Beohovea in GPS (see Appendix E). At the start tnere are 


mumber of differences existing between the initial State and 


state. At each point GPS 


seneetsunaät it tlzures to te 


Mme most prominart difference and attempts tc eliminate irt 


lez]. 
goal 
states 
initial 
states 


rorward Chasinine 
= \ 
(Tan-In) 
Figure 44 
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“ Backward Cnhainire 
(Fan-Cut) 
Figure 4b 





ME weroa crainiñe vors in just tne Oppcsite manner. 
MS of all, the shane or tne Stata Space is fan-nut., es in 
were Ah. The goal is to verify or deny 4 perticular 
Bomelusion. Thus, progression is from the z0al State toward 
tae initial state. Often backward Chaining will lead to dead 
ends, i.e.,subzoals Erich reemnotsne deduced framirforration 
Maule in the database. in that case, a return to the 
Mate that induced the subeoal takes place and a new subdzoal 
M elected, if one erists([64]. 

Zackward chaining technigues are emvloyed in rule-based 


Berem {27] such as MYCIN and LECAIDS, in PLANNER-lixe 


Mie aze systems, and ín theorem-=-provine systers, such as 
2UILD and FACRER (see Appendix 3) 
MONO ETERMINISM and FACKTRACSZING 

These two programming Con epte e) Aahand-in-närd. 
racktrackine is usually applied to ron tete malcit 


INS Ts. A nondeterministic progrām is one that may have 
Mis solution spare represente? as a search tree, wnaere eFacn 
Meena! «node is a potential solution. Tre gSa ISENTO 
Mraverse tne tree startine at tne root node, and find a 
Motion node [21]. 

ee tracking is basically an exhaustive depth-first 
Nao rocedure. Tae algorithm to traverse the tree is 


Meeeuyec, Making choices at €ach noce reszardine woet path to 
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meme next accordine to some choice function. When 
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node turns out to te a failure, the algoritam "becks up , 
Mteporing all variable values to tne last chcice point at 
MISA one or more feasible choices remain, indicating 
alternative paths [21]. 

Merertrackine has teen considered as a special coroutine 
regime (ir the sense tnat a corcutine is characterized ty 
Mao lity to suspend a processine State of a routine that 
may then be resumed at 4 later time wnere it left off). 
Instances of the program environment (called modules) ars 
er the choice points, and restored in a LIF sequence 
when subsequent modules fail [4]. 

IM PLANNER, a nondeterministic lansuare, tacktraciine is 
provided completely automatically. The advartares ofť tris 
Mc the progremmer does not have to worrv atout writing 
Buch a complex search strategy, and the program text becores 
ively easy to read. Fowever. this latter advantase can 
marr into a disadvantage wher tne orograrmrer is turatle to 
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ME from the text precisely what is happe@rine. 


re 


eple, a typical task for t? 
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ESTERO  —probler=solver 


Mppendix 5) written in Micro-PLANNER, @ surset of FLAN 


y 


MA be to locate the tig, blue block, or the srall 
pyramid Shaped one. SFRELT would have tc set ur tre 
following täarse zoals: 

me Look for a block. 

Peecnecs to see if if is blue or pyramicd snave”. 


en Chez the size. 
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eE blocz is tlue tae nrogrém will proceed to determine 
eer bis. if not, it will bac< upd to the orevious decisicr 
Bro see perhaps if it prramidel. If it is, it will 
ume the size again since the result cf the previous check 
Ne] veliabile now. If the test falis asain the program will 
Mac acz asain to get another blocx tais time. Zacztrackirg 
used Here 25 taere is no way to determine ir advance 
MECO block, El, 232, ES, etc. is the one which will have the 
Mr orerties. This tends to encourége the construction 
MN co etams trat rely too heavily on blind search. An 
meet iond!] disadvantége of eutomatic hacztraczire in FIENNER 
Memcorat there 1 ro way to determine way a varticuler 
Mmeeure occurred, a5 the eävironrental context at the point 
of failure is deleted[*]. 

The development of CONNIV®2 was an attemct to retain all 
£ PLANNEP “s good features énd replace tne baa onés, namelr 


~ 


that of automati- backtrackine. CONNIV 
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re 
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E 


GET 


ni 


fb 
iT 
Try 


Memeo litv for a failed routine not only to tell 
MS module war it failed but to even „ass cn irforratien 
about the successive world chãanges it encountered alorg the 
way [5l. The power of t2is farility allows systems to *e 


ented in CONNIVEF tnat attempt to learn from tneir 


mistakes. PS is Hot possitle With FLANAZS. The 
mrobvlem—solvine systems FACKEF (written in CCNNIVSE‘ end 


SERDIU (written in FLANNER) are examples of tais differences 


(see Appendix B). 
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we 


FEOTOG provides for a backtracking capability. Since 
PROLOG is a predicate losic-based SyStem, it Searches or 
tries to deduce a Clause to matca a goal clause. When it 
Bis and rejects a clause the original goal clause is 
reconsidered and an attempt is made to find a subsequert 


clause which also matches the goal [59]. 


Meer CT ION RILIS and TETICTISN SYSTEMS 
Mmoeuection rules, as tney occvr in deduction systems, 


are general statements in the form of implications, which 


MS stem uses to deduce new or implicit zZrowled 
conceptually a rule would have the format 
antecedent => consequent. 
The antececent part of a rule ne: left-nanc-side} 
Meee oents a Set of assumptions or conditions, and the 
consequent part (rns: right-hand-side), a set of goals or 
ns (273. Thus, the control Structure amounts to 4 
simple “recognize-act paradiem. 

“ach rule is designed to be ideally, 

en independent cnunx of knowledge 

with its own statements cf? relevance 

(utter the m ondion of the 1hs, 

ac Iin a dàta= Tiven sytem, Or the 

ane tO TL of an Base as Ps occ 

e0Qal-directed system (1£'. 

Meee Significance of the production rules is reveales 

Meee rey are considered together with a date base of farts 


Man interpreter for the rules. With this combination, a 


(1) 
> 


Beduction system may bə SOs sri ore d. Far axarole, ee 


MO! 


MC tion system below called ¿S,.CV nas two productiors, IS1 
2, and one fact, Fi, also found in the data tase. 
Dem (LS abs 2) 
Mom: ((car is SIAT) and (type is Sportscar) => 
Weer 1s Sowder)) 
Meee ( (mare is Foreign) and (size is Small} => 
Kec Taaicwo portscar),) 


21: FIAT is foreign-rade. 


MNR nat we Neve a small FIAT, we would lize to 
Memermire if it is a Spyder. This can te done by anvlying 


Mee rules and the facts in the followine manner: 


M 
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ro 
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ee Apply L 


This graphs into: 


X is FIAT 


F1: 


X is foreign=mace X 295 small 


(by DS2) 


AS) DOT uscar 


(oy DST) 









X is Spyder 





conclusión 1s vsuelly derivei fron many productions. 


Mae conclusion ir ar individual ərcduction follows fror a 


25 


(which was what we wanted). 


A 


action of the tactS,alil asserted to be true, in the 
mee ent part. A conclusion reached cy more than one 
Meeauction is done so through tne disjunction cf those 
mrocuctions. Tais tranas lares DOTO an Anc/Cr Eee 
meeresentation of the productions and conclusions. Figure óc 
Moe exeamsic of such a representation. 

moreing from known facts to new, or deduced facts (as in 
the above example) utilizes forwerd-chainine. Fowever, a 
deduction system car also employ backward-chairire y 
mec izirgs a conclusion and using the productions to work 
backward toward an assertion of all the facts necessary to 
support the hypothesis [64]. 


mMmMe advyvantàåge2as of ceduction systems include: 


i!They Seem to provide a decent motel of human 
ro blem=solvine tehavior. Humens informally 
mien from their own observations, exverienres ant 
education. 

2)Tke knowledge base provided Dy eae 1 the 
mmeoanctions may grow incrementally with the Sirple 
meer tion of new productions. 

S)Data-driven programming is induced. Thus, a 
piece of knowledge (that is, procecure) mey te 
applied whenever it is appropriate vwitacut navinz 


weave been planned for ahead of time, 


The second advantage can become rore a problem if tke 


Q) 
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Mata of the knowledze täse is allowed to zet unreasonatly 


MINOS “ounas. A way to nrevent this is to IDO Wine 


rey 


Facts and productions into subsystems (tased on sore 
relationship) so that at any given time only a manageable 
number are available. 

MER,  CONNIVEP,  ená PIPLI? are nicely suited for 
Broplementation of a deduction system. PLANNER provides 
consequent theorems, CONNIVER offers IF-NEELED derors, änd 
Ma Ras a condition-consequent zoncitional. All are 
Enalozsous to the situation=->action -tyve production needed 


to represent knowledge in the data base. lso. PLANNER 5s 


1) 


mmpecedent theorem and CONNITE2s IF-ADDEL deror will ada 


L 


mdi delate facts from trze data tase as new facts are 
moproauced. 

Deduction systems are being well-exploited for the 
development of knowledge-based expert systems (s.e., ee 
Meee At, D2CAILS, CRYSALIS, and PROSPECTO?, see Annendiz +, 
Mere forma] and informal xnowledfe of tre domain, end even 
May tre expert tairxs in that ĉomain (2.3., Y7TIIN., is 


Meystailized into èa set of production rules [ič]. 
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Seer ATTISRN-DIRECTED INVOCATION and RETHISVAL 
Brrtern-däirecteä ay Owe tom nf Swe OS and 
Meepern—-directed data retrieval are ceductive techniques 
that have recently become quite popular and for some tésxs 
atsolutely necessary. The phrase “pattern-directed 
Mica tion is somewhat self-explanetory. It refers to the 
MENO? Of invoking procedures indirectly, i.e., based on a 
Memeo match, rätker than en explicit call to a location. 
The match takes place tetweea tre desired outout and and a 
Mire header, Fattern-directed data retrieval is tassd 
on a similar notior. Cne migat retrieve an assertion (fac?) 


ttern containins tie 


tv 


mom the date base by matcning a y 


«nowa comporents and thelr orzer against all tza asserticns 


tt) 


.- a IES TA 
So wo baad 


he data base. In this manner large Stores c 
data may be manipulatec efficiently. 

Mee essence of these techniaues is a pattern-rétchise 
alzoritrm which will debo Tm symbolic eypressicn 
Meee isons ,atom—by-atom. It will allow an @xcressicn to te 
Specified as a template against date items, in tre case cf 
data retrieval. An example of this idea may he taken from 


Mee er, “ose pattern matcher may be used or erbitrarv 


MS? data. It is desired to fetch items from the data base 
that match tre pattern (temblate): 
(er) 2REST) 


0) 
o 





Me above template is Fourd to matcn bota 


O 


Meneratine the association lists 


nm 


where Z A E Speer 18d es 3Jen partera variebles. 


er ' 


Ne so indicated by tne prefix 7 . In general nettern 
Ie. must have type declarations whick éré dore via 


special prefix symbols (41. 


RE notes Ovi Ce wea very flexitie 
and easily understood way to specify 
Hee  TOrn Ot deta items required, 
without the user having to be aware 
of how the iters are storec [4]. 


Bere case of Subroutine selection. e terbiate 1 


st 


een as part of the definition of eacha Subroutine. Tre 
Meoroutine will be executed if its template ratches t*e 


MEL arzuments of tre expression that itverec it. <n 
Bonnie from [4] deronstrates this idea. Consider the 
MO ins two functiors, PLJSSINGLE and FLESTERO, wzica 


Ment ve part of an aleebraic Sirplifier. 


Zur O DANA (EROS <=) 15. 
DZ SEN ED FIUS <-=<-X) 
CPT a: 





Bra single arrow prefix (<-, indicates that e single 
Erzument is to be matched. A doutle arrow pretix (<-<-) on a 
MS variable indicates tnat any numter of arguments will 
Bemaccepted but considered as a single entity. PLUSSINELE 
will, given ary form of PLUS followed by any single element, 
Seem net Single element. PLUSZEPO presented with any form 
ERPS followed hy ary number of elements, one of which is 
NN return t:e form PLUS followed ty all the otaäsr 
elements of the argurert [47]. 

Beebions invoked by patterns are typically defined for 


momapplication toward a specified purpose. Some functicns 


+ 


sed for consequent reasoning., and some for anteceden 
feasoning., In the first case, a a Ler LOS QUEDE 
reasoning is required wnen trying to cetermire the trutr cf 
as assertion not explicitly represented in tne “ata Dase, 
MS consequent procedure would te invoked by a Successsfrl 
MESA of the assertion in questiorto a pattern Smart 
moarcates the type of assertion proven true by a successful 
MSc tion of the boav of the procedrre. Jn tre other nerd, 
meecedaent reasoning is used when a prosram attemsts to 
Meuse effects on the data base [47]. Thus, conséavent 
menpctions are tried when a goal is desired anid anterelent 


Mmmmetions when the date base is to be updated. This allows a 


b 


en level prozeram to invoke a sutroutine to produce 
Ertain Co eS eere wi tnoun m having to «know which 


Subroutine will respond to the requsst [4]. 
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ern Teriatlies are special variables used in ad 
MEE. specification or template to indicate what tke 
Montext or binding of the variable rust te in order to maxke 
mio, G€lizgitle for e match. In general, e pattern variable is 
typed as being open or “closed. An open variable will 
match anytning whereas a closed variable will ratch orly en 
item equal to the previously assigned ty»e-value of the 
variable. Although PFIANNER and CONNIVSF nave no closed 
Bern variable, they,like SLISF and INTERLIS? (which do 
have a closed pattern variable type),provide a semi-cpen 
IS LT will match any item, if it has not teen previously 
matched,otherwise it will match the previously assignet ore. 
G Cts as an Open variable tre first time and 4 
closed variatle thereafter. Instead of a semi-ozen pattern 
variable, CONNIVEF has a type macro . The macro hás two 
Memes, one which instructs substitution of a CONNIVER value 


MO ner to substitute the LIS? valve in the rterplate 


[4]. POPLE? offers the greatest variety; four types, two 
MS cana restrictions for any of tne types. The 
restrictions are in terms GT da ta tyve or some 


Moer-specified tests. The variable types include cae closet, 
one semi-open and two types of open. ore that yerrarently 
assiens values and another that terperarily assigns a value. 


Betting up a fallure-action to restore the old valus. 


aca itiona to CONNIVER, -LANNES CLIS®, end INTSKLIS?, 
mreslanguages SAIL, TZLOS, and PROLOG also Lossess pattern 


Mas facility. Inr SAIL, tre rechenism is liritec sincs a 
Mate is simply created ty svecifvins one or more ¡items 
of an association. A search on tre data base then occurs in 
Mer to find all tae associations whose items match the 


specified items in the template. For example, tne 


association 


More SS . 


Ne provided es a templete. Ail the triples in the cata 
base with iteml=MONTEREY would be returned as matches, and 
meee triple would te executed in turn. 

Mm PeuOS, as well eas SAIL, the primary use of patterns 


memeemecssSOCiative referencing. For insténce, the instruction 


DU _ 


GET(person! ? age :2reater (25) ? | 


M erve as a template for retrievine a date bes 


m 
p 
xt 
(D 
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Mere the greater is a pattern function [59]. 
meee OLOG, there is a facility called Pusat cation whiics 


[42] Ho 


bo 
D 


vario) 


a 


Hs 


is explained as pattern matching + loeica 
Meee. A logical variable is distinguished by the fact that 
Mis unprefixed. That is, there is no distinction made by 
mae) programmer as to whether it is open, close, semi-open, 
etc. The programmer need never be concerned with whether it 
US assigned or bound or not. The system manages tnat aspect. 


To execute a zoal, the system Searches for the first clause 


(recall that PROLOG is a predicate logic tased lansuege) 


Sa 





wnose head (i.e., procedure entry point) matches or 
Banafies with the goal. The process of unification then 
Minas the most general commor instance of the two terms. If 
Ame tech is found the found-=clause is activated by executing 
Meee turn each of the goals within its dody. Absence of 4 
femme Causes backtrackine to occur to the coint that the 
Hamina] ¿goal may te reconsiderec and an attempt made to 


Mnd a subsequent clause that also matches the zoal [62] 


QLISP also offers a unification mechanism for rattern 
matching. It does not nave the same effect as that cf 


PROLOG, however. In CLIS2, this mechanism will let eecn of 


WO expressions act as templates for one anctner. Tae 
Mmeerlity is invoked ty the keyword MATCEOS. Ar example of 
its usage may be shown as follows: 

MATCEGO (A (E <-X) <-Y)( <-X <-Z la (Be). 
Beer, T, and Z are open variables. The erfect vreduced is 
may X is matched to A, Y to (4 (3 C)) and Z to (R 2). 
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Mee CO CRIMINATION NETVWORZ 

Belscrimıratron det clessifies information on the basis 
Manero: 1ts vropertlies. It is a tree-like structure in 
Miren the nodes Tepresent tests to apply to an expressiox 
Me arcs represent values returned ty the tests. These 
MESES Can then be set up to find out if Some Specified Tact 
Memeche form of a list of atons or én arbitrary expression 
is stored in the data base [3]. 

Ci a GicschiMinctlon net is nsed to represent the 
form of. a data base. All data is stored in a cormon net so 
MN du ivalent expressions may be represented uniauely. 
Only one instance of an expression may occur, so. tefore an 
Mess ton  1s entered into the data tase it is transformed 
Mmto a canonical form [47]. This enables an expression in 
MEL to possess a permanent proverty list just lixe that 
of a LISP atom [4]. For example, the discrimiretior net in 


Moure 4c contains the expressior USI (¿inxsrotd which woul2a 


possess A BrOpentyezi st Ztnet incites" tas" folicwire 


mer Ormation: 


moecation Frontside 
Ere of Return Der eyeiwe 
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DEFINITIONS FOR CONTROL STRUCTURES 


En Recursion 


Ñ Tecursive technique is one with an 
ee c entially hierarchical character, that can 
be naturally described in several levels of 
detail. And a recursive procedure is one that 
ensrerer tO and operate on itself, so that 
can be nested within itself to an 
indefinite number of hierarchical levels [5]. 


Meemeractorial routine telow is an example of a recursive 
Suoroutine. 


SUBROUTINE FACTORIAL (N) 

IACTOPIAL 1 = 1 

WEN > 1, FACTORIAL N = N = FACTORIAL (N-1) 
END SUEROUTINE 


Bene iteration instead of recursion tnis routine would 
appear somewhat longer and more awkward to read ard write: 


SUBROUTINE FACTORIAL (N) 
ERSTORIAL = 1 
IF N <= 1 TEEN X: 
FOR I=2 TON 
FACTORIAL = FACTORIAL * [I 
NEXT I 

X: RETURN 
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Bein ıfiecarior ana Instantiation 


Conr ication attempts to find substitutions of terms 
for varables to make expressions (well-formed formulas) 


identical. 


Very briefly and according to [39], a well-formed 
formula (wtf) is any legitimate expressicn of the 
predica te calculus. For example, 


ON( BOAT, LAKE) 
ON(x, y). 


The elementary components of predicate calculus 
are: 1)predicate Symbols-represerts a relation in 
a domain of discourse, €.£., EN. 


2)variable symbols-permits one to be indefinite 
[ceo aten “Entity is beinz referred to, ©.2., X 
and y. 


3)function symbols-denote functions in the dorain 
TEE coursen For erample in the statemezt Ire 
fast car beat the slow car which may te 
represented by the expression BEAT(fastíCArR), 
DEW CARI), fast and slow are the function 
symbols. 


4)constant symbols-simple term used to represent a 
physical Onec Rr eny in 128 “domain. of 
meesreourse, €.E€., FOAT, LAKE. 


The wffs above are atomic. More complex wffs may 
be formed with connectives such as (and), Y (or), 
=> (implies). Example: ON (BOAT, LAKE) 


IN(FISHERMAN, WATER). 


A). atomic or complex, will evaluate to a 
true or false value. 


With regard to unificatiorn, wff %2 may be obtained from the 
Mots of the form Wi ane W1l=>We via Modus Ponens infererce 


rule. Furthermore, the universal Specialization rule of 


inference allows tne wff W(A) to be derived from the wff 
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(Y¥x) W(x), where Ais any constant Symbol. Using the two 
Rules togetner produces tne wff£f we(a) from the wffs 
MEL) )=>W2(x)] and W1(A). Thus unification is required 
MN P?ind tne substitution A for x thet makes the 
well-formed formulas W1(A) and Wi(x) identical (39]. There 


are two reasons for performing unification: 


1. Resolution. If the two atoms that were 
Unified (made identical) occur in different 
clauses and with opposite siens (one 
positive, one negative), tnen tre clauses in 
which the two occur can be resolved. 


2. Factoring., If the two atoms that were 

ir ped «occur in the same clause with the 
same Sien, then the clause contains two 
meeGeical Iiterais. Tne duplicate literal can 
e mated. This 1s Called factoring , 
and the clause with tne substitutions made 
mene duplicate literal eliminated is e 

Aitor of the original clause [23]. 


oana Ton oeeunrs, wRensthe name ofa a “perticuler 
individual or object is substituted for a variable. Tre 


individual is then an instance of the variable. 
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Se Predicate Logic 


Predicate logic breaks up propositional clauses 
(statements) in order to consider individually the items 
about which something is being asserted. For example, the 
proposition, 

"the frog is in the water 
would be Tec as Pouce. Statement “Or entity in 
maomositional logic, about which cne would assert its truth 
m falsity. This statement however contains two items from 
the real world, namely ‘the frog and the water. The 
relationship between the two is expressed by the words is 
mae The phrase is in may be represented ty IN and is 
considered the predicate. The individuals, tne frog (FECC) 


and the water (WATER) are the arguments for the predicate. 


© 
Q 


NM ae original proposition may be restated in the 
Eollowing way: 

IN (FROG, WATEE) 
Any of the operations of propositional logic may still te 
applied to the statement. 

NOME that predicate logic ads is in the fact 
that the arguments of the predicate need not te named 
Eepoieitiy (instantiated). Tney may be vériables, i.e., 
IN(x, y), a much more general statement yielding a rore 


general and flexible reasoning capability [22]. 
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4. Resolution Logic 


Mom cece aed or  Ttimeerecoliution principle is to 
Move the the converse of a theorem is false. Thus, 
meeolucion is a metnod for proving thet a false statement os 
indeed false, but not necessarily that a true statement is 
true. Nevertheless, the advantage of this method is that if 
a theorem is true, a proof will be produced after a finite 
number of Steps [26]. The fundamental technique employed is 
Mmemeeconversicn of an implication to an expression that 
Bentvains no implication. That is, if “p implies q° then it 
is eqivalent to state “not p org.’ 

Nena Set or premises, the procedure for deriving 
conclusion is as follows: 


NO Tm a new set of premises from tne giver 
premises and a negation of the conclusion. 


2. Lerive a contradiction from this new set. 

Assumption of the original oremises to be true 

and the derived conclusion to be false leads tc. a 

momurdaiction, therefore the desired conclusion 

must be true wnenever tne premises ar true. “nus 

the desired conclusion follows from the premises 

is). 

In general, resolution is more easily programmed 

Mani tae other computationel logics. It can nandle complex 
premises and conclusions. However, because of combinatorial 
explosion it can’t be used to prove deep matheratical 
maeconrems verifying complex, computer programs or to aid a 


MOT. cope With real world complexities. This i5 a result of 


109 





tne need to derive many clauses (through unification, 
resolution and factoring) that are relevant tc derivine a 
conclusion. A great deal of time is wasted though following 
lines of reasoning that come to dead ends [23]. 

Resolution can be used as tne logical mechnarism for 
theorem-provers. It has also been used in natural laneuave 
understanding systems, formula manipulation and symbolic 
mutegration systems, and STRIFS-style problem-solvers. 

One language especially well-suited for resolution 


programming is PROLOG [6@]. 
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Rat eier itiellizence is (ne use 
e anses toole in na the study or 
ice Pest processes, Ttoels that nelp 
oad the discovery Of the 
thinking-procedures and epistemological 
Structures emplcyed by atellisent 
creatures [5]. 


Bais statement is generally representetive of the 


ə 


feelinas of many AI researchers. The role of vreerarrine 


languages in AI is an undeniably major one. Moreover, the 
requirements of AI are complex, ambitious, and demanding to 


=> ya 
Sie ee See 
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Pree point that general purpose conventional 
inadequate. In fact, it is likely that data representation 
techniques or control structures invented for today’s Al 
needs will inevitably be incorporated in converticnal 
languages for more general purpose computing [22;. 

were is some mild difference of opinion as te the 
Mamereence Of: data structures versus control structures. 
ger: is that the data structures reeded in 4rtificial 
wen aezence do not really differ from those needed in 
Aemeral. Thus tne key to efficient processing really lies in 
Meeeavaileable control m@échanisms of a programming leneuéee 
[22]. However, this statement becomes less accurate as the 
Man etion between date structure and control structure 
becomes increasingly UA O AS tance, /Zrames. ‚ars 


ME: is are considered as data structures in Chapter Il 
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Moe reasoning was that they can be corsifered deta ertities 
with which are associated certain operations for their 
Na Ton, ee, create, delete, ard nodify. It may also 
be argued “owever that these are control structures. A frame 
Mor instance may cause the invocation of some procedure 
or the ree Aaa Or another Tame. Tierefore in order to Fe 
Beh in the coverage of the speciel features required 
for AI programming, data structures as well as control 
Ber ures must te considered equally important, to tne 
possible extent at times that tneir distinction ray seem 
entirely arbitrary. 

ennout exception, the languages employed in Ai are 
Bor manipulators. More Specs cal lan, és Bentlonec 
earlier, they are Situer ) list processors cr. stome 


processors (although a String may te manipulated as a lin 


ES 
(D 
{ù 
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list). The idea of a stringe processing language is teconire 
Iso lete one, as strict stringe manipulation is ¿00 
meene for most applications. The current trend is tn 
incorporate string processing capabilities in et 
processing lansuages. The notion of CDF-ercodine’” was 
Memernceea To achieve just that For LIST. It implies trat 
Sa nents withir a list will be stored in seauential 
mecetions in memory. Instead of the normal representation 


mama list, e.g., LIST(W X Y 2): 


He 


W X Y Z 


EOS 





Er mieht loox something like: nnn A 


This would be nicely suited to records or packed data 
memumetures that are generally manipulated as whole entities. 
The advantaze is a substantial savings of storaze as 
MODs coptainire pointers to the next list item are no 
longer needed. This is the very advantage that string 
processine has always had over list processing [£]. 

By now, there can be little disagreement es te tne 
memmacy of the list structure in Al programmine. Tata that 
Me presented internally in a list structure converiently 
Bons for dynamic storage allocation. a basic necessity for 
Mi computing. Those languages wbich don’t provide it as a 
tin feature provide good facilities for allowing the 
Beer Ne Ser rea such a data type GS Wert ues OC verTations 7 or 
Meowcteation, deletion, and manipulation. Althoneh list 
Beocessing€ 1S a necessary capability for e good AI lanevéee 


Memeo ss5eSS, there are other capabilities that skould be 
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memsitaered highly desirable as well. Th 


below are seven of tne most important. 


ieraneudees should be based on a single compiler or 


mmoerpreter so that the basic control structures needed are 
Een accessed anc AI systems may be develozed ty writing 


packs of procedures [22]. 
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OLISP, CONNIVER, and PLANNER must be translated into 
LISP as a halfway stage. Most systems written in these 
Maer eres have some modules or procedures written in LISP or 
Meron Lisr. In some cases it iS even necessary to write a 
Ber purpose language in order to do srocessine on e 


r 
y 


certain task efficiently (e.g., STAIFS, SFRDLU, see apperdix 


—) 


lad 


IN Tae result is that most systems are implemented in 


INTERLISP. 


Pweebeneueses shoulc offer simple controi structures as 


to 


opposed to complex, elaborate ones (22 


MPieeoorate control structure can hinder as often es tel> 


de 


ix) 


mie user not intimately familiar wita its marner O 
Meeration. The well-used example of elobal bacxztrackine in 
meer demonstrates this point. Its cesval vsage bv @ naive 


meoetarmer will lead to considerable inefficiency. 


Ste ways in which complex control structures are used 
should be tudied to determine ih more efficient 
maorementations coulda te designed into àa language [22). 

Eee example, recursion is generally Space conSurmptive 
and slow. It was discovered tnat Dance ny Olve ME SUIS la 


Y 


mmeexpression to set a value that iS then merely passed back 
Noves the chain in which tne expressions trerselves do 
M anza., This is not an e*ficient use of recursic.r. 
Seema recursion iS a compromise tetween Feeur- on a 


meration, was invented to make recursior more *fficiert 
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Me suck circumstances. In a tail-recursion situatior, 
Meeurslion is used to compute a value, which is then passed 
Meek up the chain at which point the procedure can be 
meme rted to a simple iterative procedure. Tne value of this 
technique is in the substantial space (and time) savings, 
Bere Intermediate activation records for each recursive 


men nee rot be saved. 


4. Gerbage collection remains as one of tne most 
erfective anc simple metäods for reclaiming abandoned 


Storage cells. 


DS. Tre use and maripuletion of patterns is heccminz ar 
Mie treasintely imnortant capability for variety of overatiors 
memeing data regssceua!, procedure MO Ce TO end 
mere ication. 

Meent y the general nattern matching operéetion returns 


A 


NOAA title information. *itner ea failure is reycrted or 


yu 


Sect iS with no indicetion as to Now close the match migrt 


iD 


memo jeer in the case of failure. It would be useful to hav 
measure of ‘fvzzy° matching for dealine with ezvressions 


me semantic level [47]. 


S. Lata storage and retrieval mechanisms should te 


< 


Mmeeorporated that will not just distribute data randorl: 


througnout tae store [47]. 
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It would te useful to many applications to ve deta 


>) 
wy 


Med on a Semantic tasis rather than a syntactic one as is 
[mest often the case. That is, scme method or storing that 
considers some relation among some data items such that they 


are linked or storecd in close proximity to one another. 


Weer acilities for user defined cate types shoula te 
Considered more desirable than a multitudes of built-in types 
Bet may turn out to be insufficient for unanticipated 


needs. 


Meee is one of the oldest high level nroerammine 
Mmemeuazes, tne second oldest in fact accordine te its 
Inventor, cohn McCarthy [34] (FORTEAN being consicered the 
Best). It is also the most popular for AI prearamming. For 


Mammenesw particular reason, but rather a comtinatior of 


O 


Hr 
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Several (including the rapid growth of AI r 
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Sedi 


aa 


A 


been àr 


(D 


Msi become the Al programming standard. The nav 


> 
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are meny corntenders ror that position but sc far rons 
offer sufficient improvement over LIS?’s cepatilities to 
warrant majority acceptance. The fact that LIS? gives good 
access to Neeson eoe tt macaine and its onvereting 
NS tem, the avallatility of its interpreter as 2a rorrand 
Mnevare for drivine other prosrars, alone with its internal 
MES tr ucture that makes it a 200d target for translating 


from yet higher level lanzuages, make it a convenient 


Fo 
e 


vehicle for higher level systems for AI [24]. 


99 





LISP possesses nearly all the qualities of a -good Al 
language tnat IE e alter [temas THe distinction of 
having the ier compiler written in the lansuase to de 
compiled [34]. The LISP interpreter is also written in LISP 
and is abcut one page in lenetno. 

ieee nas a’ small set or selector and constructor 
we ations that are expressed as functions. Simplicity is 
Mes trom the small number of these functions. The fact 
that these operations were made into functions together with 
mye ity to have brenching within function definitiors 


tirely apolicativ> language, 


is 


enabled LISP to become an e 


meat is everything in a LIS? program is presented es an 
, E z de 


4 


peer essioOn. Separate procedures for furction ¿definiticr are 
not needed. There is no need for statements (such as g£nto's 
and assignments) of the type found in most languazes. LISP 
Na Seda on the iaeas of the Lamtda calculus. Conditional 


expressions may be recursively employed Bor UI A 


e 


SN 
fu 


3 


Mire ble functions. Programs may be represented as d 


meer Gata aS programs for that matter. These aspects 


(DB 
C 


A 


mn 


cute tO the partial, but significent, achievement 9: 
w Mclarthy's original desisn goals, that is, to nrcvide 
w ee ability for programs to be proved correct. 

tae availatility of a Property list střucture; autoratic 


gsartege collection comtined with features already menyioned 


` 


(such as recursion and data-program iréistinguishability) 


mre meace LISP Extremely well-suited to pact Al programming 
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meecs. This nas led McCarthy to maxe tre claim and justly so 
that LIS? will become obsclete when Someone makes a rore 
comprehensive language that comirates LISP nractically and 
also Fives a clear matheratical semantic to a more 


comprehensive set of features [34]. Ano th Me ee ee 


adequately suited to most current Al proeramrine needs, 


(V 
in 


pattern matcring, Nani 


ta 


capabilities such 
meeanized data storing, and user defined data structures, 
MO? wWnicn are becoming increasingly imtortant to the 
Mmeeprementation of applications Systems, are not offered. 
mewever, LISP does provide the framework for tuilding Fisher 
Mevel  lansuages that do offer these features. Sal >, 
CONNIVER, and FLANNSP are examples of suca lensuazes. In 
omens a higher level of program abstraction certain 
Meer tiities are jrevitably sacrificed. This ís mest often 
mee case when the new extensions are convenient for certdin 
Bes Of applications. If an application is an unusual cone 
mere: riciency is required the designer is usually forced 
Beck to a familiar basic langevage-srcn as LISP-to eitner 
wize directly or build a new special purpose lanzuase 
upon e.g., the PROGRAMMAR lanevéege in Winograd “< FH?DL) 
MS tem, see Appendix =). FIANNEZ fell victir to such a 
Mmercumetance,. PEANNER Ss emphasis is or its ability to 
Drocedurally embed knowledges. Global tacktrackine was 
mrewuaed to relieve the programmer of having to specify how 


it shculd be done, thus making the lenzuage as rorprocecural 
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Moss ible. hat was hot anticipated was the nurter of 
MAS tios ¡det preferred a PLANNER-like Jenguesge for 
implementation but required prosgramrer Control over 
Bektrackine, as in the case of learning systems. PLANNS® 


Mas nevertheless made a Significant contribution to languaee 


Mescten. It has pointed out a path toward the ultimate 


> 
A 


desirable Characteristic Ofn any languaze, that crf 


+ 


nonprocedurality (see appendix 4). 

CONNIVER is an improvement over FIANNER (e.s., elobal 
backtracking removed) and it is an implemented largvase 
whereas full PLANNE? never has been. CONNIVER is of course a 
PLANNEP-1ike lancu en: Tnerefore one may Srocren 
Mer ruetions to the system such as Imagine you were to do 
mie and tell me what would happen if you were to find that 
Behand such were true, or What did you learn arcut this 
NIE you were trying out that hunch thet eventually vou 
abandoned? [5] Fere, as in most CONNIVER yprogrars, tre 
Drogrammer o Tee eco Ane considere tcie [detail zer 


mee itication of tae manner of achieving vericus goals. 
“Such intellectual subtleties are not straightforwardly 
expressible [5]. 

Another PLANNER-lixe lanzuaee is FFOLOG. Unlike PLANNER 
Ys not based on LISP and it does nave working corpilers. 
Pattern matching is extensive and en assertionel date tase 


moorovided [36]. The efficient usage of this language is 


highly dependent on the expertise of tne prozrārmer. 
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Peecneueh current users are nearly fanatical in their 
Eotn, it is not an easy language to learn and will 
Meee vy not acquire massive popularity in the near future 
feo]. 

The FOPLER language is again FLANNER-lize. It is 
written in a lcwer level language called PO?-2 which is 
Bear to LISP in many respects. POPLER sorbines features 
of PLANNER and CONNIVER. It has borrowed tne concepts of 
moose rtions and theerens from the former end context 
mecnanisms from the latter. Also, as in PLANNER, a failure 
Mechanism and backtracking are an important tart of the 
control facility. However in POPLER tne user is allowed to 


m 


specify failure actions via an action list. FCFLER is a 


13 


well-documented and user-friendly system but has not vet 
been used for any major projects and currently resides only 
MES inburen [4]. 

There ere a few other lanfuases thet nave no relation to 
LISP, and are not FLANNER-likə, but are AI languages 
memerneless, They include TSLOS, ARSET, and SAIL. TELOS, 
founded on the PASCAL language, provides pattern=ratrrinz, 
an elaborate user-defineable data structure mechanism, 
merouvine capability and even demors. It should te able to 
mempete successfully with most of the popular AI languages. 
No major systems to deronstrate its potential have as yet 


Soeueemolemented in TSLOS. 
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The ABESET language is founded on AESYS, a declarative 
language with heavy emphasis on tne use of propositional 
meic. ABSET is an extensive improvement over its 
we ressor but meinteins the same goals, that is, to 
distinguish between the orcering of decisions and the 
@eadering of evaluation, and the manipulation of partially 
evaluated programs [16]. These are valuatle iaeas for Al 
applications systems development. Like THLOS, no major 
meee nas been written in "ASSET making it difficult to 
remark on its practical merit. 

SAIL is an established , relatively well-known lansuege. 
Mes an extension of LEAF which is based on ALG2I 62 


LURO lar mares Hit 


Mm 


Semstructs. it has its own compiler, ea fe 


unique amorg most AI languages. It has a few limitations 


= 
J 
l 


weenn Ccation of which variables to save or restore upon 


METE includine the fact that erasure of ebardoned 


storage is the programmer's responsibility, as is the 


N 


me@eretracking. Lists are a recently added data tyne tut will 
M ently represent multi-level linked structures such 
memurees and graphs in a uniform way. Fowever, SAIL does 
Mave elaborate process control (see Coroutines, Chapter IV) 
and some new communication features. It will lixely maintain 
mec Current, general popularity es it evolves in a statle, 


Beeteble manner to meet the needs of its users il. 
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Finally, CLISP, another PLANNE?*-lixe langzuare, offers a 
MSN variety of data and control structures over which the 
may Apt for control. The most hopeful prospect for aà 
general, efficient, and flexible proerammine system fer Al 
Mes in a QOQLISP/INTERLISP marriage [4]. INTERLISP is an 
pete nsion of LISP 1.5 and currently the preferred larevase 
mere applications systems implementation. lts popularity is 
zrowine as it offers the user all the desiratle basi- 
Mermemres of LISP plus aids that make it more user-friendly. 
The two-lanzuaze prorrTamminz system is presently under 
development. It is likely that AI programming will proceed 
maine direction of GLISF/INTERLISE until a major conceptual 
Meeaathrough is made in the wey in which programming is 
approached. d 

Aithough LISP has teen the standard AI language for over 
two decades it has only teen in the last few years that it 
Mmiseacduired most of the popular attention that it now 
receives. Þither mere users and system irmplerenters 
meocovered a need tor its capabilities or were sirply 
finally ready to accept its urfamiliar apnearancre. Likewise, 
pe Bert major advance in prosrammine lansueges will 
vrotatly be based upon an old idea or a current one perhaps. 
For instance, it may include Esckus’s notions of functional 
Peoetarmming, that would linerate programming from its von 
Meumannh, word-at-a-time, style. No doubt. Roles would 


ultimately te tereficial to Al programming neecs. 
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In the roughest sense, procecuralness refers to tae 
degree to which a programming lanzuase will allow the 
Br zanmer to specify how: operations on cata are to te 


Bed Out. Thus, a lack of procesuralress constrain 3 


ib 


Magememmer to merely specifying what is to be done to the 
mn le thes syster is left to worry about how to do it. 


wc edural vs. nonprocédrrel mey also te viewed as tne 
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ifference between explicit and imp 
processing of informétion [25]. At one end of the spectrin 
exist these nonprocedural, or declarative, laneuezes (aes 


ae whet leen ses ia le at tae other end ces bre sured 


ur aN 


Bae orocedural languages (i.e., the how larguases ). Amcre 
Mmeetbatrter, as far toward the and as one nay £9, are méecnine 
Bmzuazes (in which a programmer must sive tae mest detailed 


` 


Mn ans to tne combuter;. 4t tn] otaer extreme, cıs 
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= 


Ina all tre protlem cescritins lansrtuages, which are 


declarative by nature [4E]. included ir 


ct 
> 
pa 
Un 
U 
Hr 
O 
= 
7? 
,D 
-$ 
(D 
+ 
) 
D 


Meport eeneration languages, in which a Semple comménit would 
be calculate the payroll for the AFC Company. 


According to Sammet{46}, àa lengvége demor. 
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Muro Fecdural caaracter in one of two marnars. Sitser tze 
MESES required to sutmit an ordered sequence cf steps, 


p) 
ity 


each of whicn is somewhat nonprocedural , or a set 
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executatle operatioas whose sequence is not user-specified. 


Memort cenerators (e.¢., REG) are constrainec in äarnli 
ed 


and tne user need only specify the input and desi 


Nany specitic indicetion as to the procedures needec, 


Thus they are exemplary of the most nonprocedural laneuazes 


in 


ae nas been contendea Dear proe ress <loge the 


1 


Nito wrat soectrum may be consicerecd as a reasu 


orogress in Al research, provided that a prover goal t 
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to create Soest i Caved “Hleclarativ= “aieser 


languarzes. Nilsson{3e] feels that AI langrazes are a 


moterately far along toward tne wnat enc of tne spē 


Memeucees. It is a «cal-directed larglege in whicn ta 


Megee specizy nigh level soals in seneral terms wi 


Mid vs tire all the yarticular objects an? crer 


involved in their achievermert [53]. It has establishr 


Ber for Konnrocscural, or FLANNET-lice, lanstarrs, 


Pememeae°ain, the user specifies what Tatner than 


e INS, on= states a 2cal trat the systen tren FE 


Em ne index of zeneral patterns and for which it atten: 


TE air booxxeeping matlers. however, 
MS inefficient and hard to control [2El. Only ar 
mera, Called Micro-FL4&nn Nas 2v- T Geen fully irsier 


Bert, it seems that PLANNER s major drawtack 


Memes i 71 lity. “ost users want more control than 2% 


EMO NS, tO tailor some procedures such as dentn-£i 


IESE 7 


MN iS probably the most declarative of tee curra: 








MN ao itracins (eumematic features of tae lenevraere:. to 
Mires? iciently rit tre varticular sgroblem at nani. cut of 
Meme oe Of frustration, Sussman ang McIermott [55] createc 
meee GCUNNIYS2 language. CONNITER is mere procedural, ard was 


designed to implement Sussman’s orobtlem-solvine system, 


oia (see Apnendix B). During tae implementation he 


Mmmeve red DOtential inefficiencies enc deed ends of whien 


se would otherwise aeve remained unaware nad ae continued to 
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Megeram tre System in FLANNER. CCKNIVS 
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Mee Control cver bacatracding for more efficiert 
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Miras ic areument in favor 0° wortine towerd the 


development of increased nena rocedu rales $ NS urat 


Nave  lansueges are relstively easier for pēorle to 
Mn anrd communicate. Ts programmer is also freed to 


Ne cout <4 problem et a more ätstracı laval. irt, in 
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eto accomnblish tre zoal cf 


Ned rel “oroeTramring language for Al the compjuter must 
MS tores witain it a lafes amount of  tacx-=Trourna are 


er of a request. 1205 the rore 


ot 


knOwledge of the sutiect ret 
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nonprecedural a lerguage is, the mere xncwledze it rust nave 


peeececurally embedded withn itself. FLANNES, without a 
Boubt, is —¿úrtnest along in this desisn. Hewitt has 
developed and incorporated into PLANNER a Thesis of 
procedural embedding (eee stages 10st) ial iectile | 
Beereectures should be analyze Baur Bneirlgereeesdanz 
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maa lorves. eee “oo he. one canelo sueño: «a Gate ty 


NO procedures weich cheate, destrov., récsenize, and 


D 


meansrtOrm data, 27, the analogue of a drawinz is a procedur 
for making the drawine [27]. 
& language that is even more nonprocedural than FILANN2® 


Meee still far 1253S nonprocedural than a report cen 


'D 


rator, 
momen Older language, COMIT, which wes created to facilitate 
Maer data handling. ¿verytains to be done in this laregnase 


me ambodied within a so-called rule . Any action tn te 


faxen depends vpon notatiorn aneé position within the rule 
[42]. 
mE ormat of a COMIT rule is: 
E nre larel teno Re era e a Ston A enS 0 


wa rule, ins programmer Speci 
Me rest 15, what is to be done if the térzet pattern is 
Mane wnat locaticn tc brancn te in orcer to find tre 
Me valaotesanmwentire COMIT iproerar: IT oe 
Beeren a series of such rules. - 
MempeOCcedIural is really a relative terr tfat iz Tact 
Bee With the state of the art. 4s compilers are 
developed to cope with increaSinely complet Sentences, the 
Mere Or the term changes. Thus, what is consicered 
nonprocedural today may well be procedural tcrorrow [42]. 
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The debate over tae amount of 
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Mane mese should vossess will lixely tontinue fer sore tire. 


Mer orinciole is that of tne procecdvralist versus tre 


ies 








Meeiarativist philosopy of xnowledge representation. Tre 
mere of tie proceduralist is fiat «nowledsge should be 
Meoresented procedurally, rather than Hae Gilat ay ony 
example, the information thet 
"all weekends are relaxins 

would te represented in a declarativist's deta base in 
MERA at form, 1.8., as e Single specific fact. A 
Meoceduralist, on the otner hand, would rerresent it in a 
Aena way as to allow it to be used more flexibly. The fact 


Mec ould renresertec with four statements, @ac2 with a 


eeerentiy different viewpoint: 


EE ometane 15 relaxing if ever it is found te 
be a weekend. 

Peminiternatively) if one wants to show sorethine 
rela xi, then trying to show that it is a 


weexrend mary be è food war. 


(These are the antecedent and corseauent choices trat 
Ee chown Witn a declerative revresentatior., Then 
there are tie parallel possihilities tasen from the 


Bezations: 


To 





Creme Se cris 1S 52:01 tO Tte not Trelarire, 
Maem one May Leauce that it is not e wesxend. 

4, (Alternatively) if it is desired to show that 
sometnine is not a weekend, then showing it js 


not relaxing may be reasonable [64]. 


4 proceduralist does not like to defer tne decision ahout 
how a fact may be used. “he declarativist nowever, would 
ANS Ter o do so while claiming intent t9 avoid orediudicing 
Ae future use of the fact. 

Enere are some sound arguments favoring toth sides, 
such un more nonproceduralness ¡in a lansuase irplies a 
Me rnount of proeremmine Effort to prodrcee e woring 
Prosram. Eowever, it also implies a loss of proerarrer 
Bol over 1/) functions and inability to minimize memory 
Beaee Or exerution time tRroueh more direct control of 
Mae. operations. in figures Al and £2, Fletcher nas 
Clearly identified the advantarces and disadvantages cf 
Be ra) and nonprocedurel langueges, in general. 

e dichotomy amone oro icient DReCzlanvers. Scr 


meeeerence Of Explicit control over various mechänisms ha 


in 


prompted some language experts to suggest tne estatliskrent 
of a vroceduralness factor [52]. If macnire code 
represents Pete most-procedural end and a true 
problem-describine mac AS nosc-aanprocelural, Teen 
all other languages could be sach assiened some value 
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Ma Mow close it is to one erd or tre other. This 
Bed be an interesting exercise. however tne final result 
would te little more than informational (see fig. AS). A 
Meoenanmer looking tor a language in which to express a 
Ben WOuld not have an appreciation for the difference 
Metttlity of two closely valued languages (like CCMAIVEZ 


eL Drio 


M 
f 


and PLANNER for instance) unless he or shen 
wnowledge of the basic differences between tke two 
non azes. This iS particularly true when considerinz 
Bene tnet may actually de a mixture of precedural an 
menprocedural parts. 

ni te more useful, tut nf course more complicated 
ell, to devise some type of measuring scale by which 
Bean: 902 proceduralness, to be specified ty tae user, 
Pemeebe defined for any given lansuase [S01. A feature such 


ASAS in ridANNBE would have otviated tne necessity of 
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creating CONNITER, 
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Wonpbrocedural 
Adwentages: 


less attention to 
mel: zation of E/¥ 
resources 


Pehle need to 
Memeentrete or mech 
Aca relationships 
fay © processing 


-focuses programmer’s 
mention on the pro- 
tler itself, and not 
Someone requirements 
of the computer 


-=rostly sel£-document- 
ing 


Mente tively simple to 
learn 


meester) tO procuce work- 
ing progrems due to 
Bere ewekttensive diegnos- 
tics end automatic 
ireriston of internal 
Meeeecure of object 
program 


RR 


Oaa A E OE OUTES 
ved in planzıne 
ram 


E As 
tagoguen 11e prostam 
sequence in tke order 
Laeeecompwter awe |) = per— 
Orne it 


-proerammer's time 
dividec between urder- 
Standing the problem 
anar undessteandine +t 
com outer 


7 3 
Dp 


-reauires edcitionel 
O Enger!” 
docurent 


moderna telv 21 ticulT 
to learn 


` 


Zogun S MOS ae o 
Jetus prosrams 
aretcher 


(Reprinted from Tne Incyclovedie 


Of 2COP pOLer science. 


STO) 


Figure Al 
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Nonprocedural 
disadvantazes: 


~doesn’t provide com- 
plete control over I/0 
punctions 


“requires ccrsiderabdle 
momeowledze of the impi- 
meee on of control 
mecnanisms in order te 
use tre lanevase most 
co tively 


*=less efficient use of 
memory 


moreerams require some- 
More time to te 
executed 


Pts 
(Fe printed 
C 


TRO 
f Computer 


Ro cedural 
advantazes: 


-Gelatively complete 
contro. over 170 
functions 


-little knowledge of 
ln temen tatiou cf cor- 
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dome Se a 5S OFOC2Trerrer 
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APPENDIX 3 


BEREILGARTIND SZ 38225 


practical applications Gime Cldal irvelligence 
Besearck can be found in medicine, chemistry. geology, 
zeneral science, DSi. anc cormorserse 
meoolem—Solvine. Systems currently operating in sore of 
Meese fields are being utilized as xnowlecdee experts, or 
memoultantS. some prominent and successful exarnles of such 


mesems are inclyded in this appendix. 


eac2 syster: 


tt, 
O 
EJ 


Mee following information is presented 
1. Principal designer(s) 

ee Location of system development 
E a te of introduction 

4. Implementation language 
@eperurnctional description 
eeeoeneral de@cian characteristics 
femevnere possible, accomplishments and/or 


muita Gions of ine system are precertecd. 


O 
pa 
o 
cr 
F 
D 


Ener common terms and concepts referred ft 


in 
D 
Do, 
V 
“J 
D 


Wescriptions of several of the systems discus 


explained below. 
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E Theorem prover: 

A program whose function iS to deduce theorers fror an 
Baometic pass of krowlecge by vwsing strictly logical 
Metnocs of reasorlng. Some programs employ very zeneral 
Bern Alca” are vniversally applicable in principle 
we ouzan rot necessarily always sufficient in rractice to 
wee tne problem at hand. Resolution is an example of such 


a general metacà, wherety an assertion is snowr to be a 


meeorem by proving thet its negation is impossible (5). 


ii. Cuestion-answerer: 
e tam which allows the user to interrogate a data tase 
(generally, domain-specific) via a natural larzvaee (e.E., 
Mesa). Ideally, the system (proeram’ should be atle to 


“store a large numter of facts and? respond to reasonable 


MEANS. whose answers could be tecuced fror these facts 


[38]. 
Jne cf the first question-answering (C-A} systems to 
have been developed wes one callea FASIEALI [75]. Tais 


emer Woitten in TIri-V, coulä answer questions asec in 
Mary tnelicsh atout the menth, cay, place, teams, end 
scores for eacn basebell gare plaved in the Americar [earue 


ee vecer. The primary goal of the develonment of EF£S2F£!L 


7 


MESATO Provide some insiznt to possible besic recnarisms fer 


. } 
Ea Caze corprehension. 


wor 





A 


tad 


Bee eremesmenzassensu ALL is made wd Of two casic 
Meme a linsuistic "part and a processor, Iha linenistio 
Sere syntactically parses (semantically as well wnere 
Messivie) the question and determines what inforration is 
Ae iven atout the ddta teins requested. Tne processor 
searches tarousn the data base for the acpropriate 
Mmeemeation, processes the results and reports the answer, 


usually in an abbreviated forr [é5l. 


iii. Generétion-~and test: 


Se a aue first introduced in GFS, Ín wnich plausitle 
euesses are made of solutions (regarding differences to 


reduce between ar initial state cf a POO Me ted <2 208 |. 


Ka 


State) and then tests are made to see how well the euess 
Fits the circumstances [35]. 

Different systems have different generation processes 
momma posing solution hypotheses. Tne particular process 1s 


Ac evendsant on tre nature of tne tasx. fer exarple, 


a 


mere employs 4a combinatorial alzorithm thét car produce 
Ie tovologically legal candidate structures for an 
unknown organic molecule. Whereas MICIN uses a logical rule 


Of inference (tackward chaining of production rules) [17]. 


[mms rerarchical vs. feterarchical control: 


In hierarcnicel control (tne most usual type) cre program 


oy 


iMromeoverall control. All others are subordinate to it as 


eubroutines are to a master routine. Subordinate programs 
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Bor be directly accountable to the hizshes: ore, since 
Mere may te several levels of “nierarcny.” However tne flow 
can trol passes in one direction orly, do.award. Moreover, 
no “sideways” communication ig allowed [5]. Figure 21 from 
[5] is an example of hierarchical control between sroerans. 
we e trerarchical control, the responsibility fcr control 
momemore equally distributed ustally throushout tre svSter 
With a greater degree cf internal communication. Programs 
Can address or call one another either “up,” “down,” or 
“sideways.” Furthermore, they may do so at different points 
on their processine AE Figure £2 demonstrates a 


neterarchical control scaere [5]. 
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Br AM 


Douglas B. Lenat 
Carnezie-Mellon University 


1975 


Me ttoral description: 


ci task is to formulate scientific tneory. In 
PEmurcenlar to make new definitions, explore new concepts anc 
judge the "interestingness of its discoveries. 

mo o Go wUPeorer, proposer, as Opposed to a theorem 


Broawer, in a primarily mathematical xnowlecze dorain. 


ena design characteristics: 


Mees 3 HREUri Stic rule=euided system, consistine of a 
set of a few hundrea rules. 

It works on packages called "concepts whnica are fado 
up of many facets . The facets are attritutes of sore 
Somcep, that AM would be exploring at some point. Sremoles 
Ces (are concept name, associeted definition, examples, 
analogies, etc. AM makes repeated attempts to fill in values 


ma 


for (make discoveries about) these concepts. secíz concept i 


in 


represented as an active, structured knowledge module. One 


pel very incomplete modules are initially supplied, each 


P30 





ome correspoldineg to and elementary set-treoretic concept 
Meee., Snicn). This provides ä definite tut immense space 
which AM besins to explore. 

An asenda of "jobs iS maintained. A job could te 
dins a value for a facet in a concept. When a job is 
ehosen for processing all potentially relevant heuristic 
Nace catnered and executed. A typical agenda entry 
would be: 

ACTIVITY: Fill in some entries 
FACET: for the GENERALIZATIONS facet 
CONCEPT: . of the FRIMBS concent. 
Reasons: because 


(1) There iS only 1 known seneralizaton of 
IS E 


(2) The wertn rating of PRIMES is now very aign. 
ce} Focus of attention: AM just worked on PRIMSS. 
(4) Very few #¢ are PRIMSS; a slightly more 
DENIA: once pta y De More Interesting. 
Eeority: 256 (on a scale of @-1e¢@) [291]. 


mecomplishments/Limitetions: 


Mio ne hour of CPU time discovered tne obvious finite 
set theoretic concepts and relationsnins sucn as DemMorgan’s 
laws and singletons. AM also discovered ' Saterines 
PQuareroot, Natural #s, fundamental theorem cf arithmetic 
@eomame factorization into primes), Goldbech’s conjecture 


(every # > 2 is the sum of 2 nrimes), and literally hundreds 


of other common concerts [29]. 


131 





Meon ely finds its limitations as it sas no ability 
Ai scovar or create new heuristic rules. Anotaer system 
enger development by Ienat, called EURISZ), attempts to 


M rove on AM in just that resard [27]. 


CONNIVER 


Meti onal description: 


BUGLE is tasked With solving logic or common sense? 


problems occurring in a blocxs world. 


General design characteristics: 


BUILD’s knowledge base includes facts about tre ohysics 
Neira, and levers, stability and friction. 

BUILD is heterarchically organized around sever hier 
level meocedıgres. Toese modales each nave memory and 
reasoning power that allow them to call ons another wher ina 
meow ble . 

A typical task would te to rearrange an ode asscrtrert 


Oc xs into a Specific order. BUILD starts by drawing rp 
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a very simple plan, wnica is eradually elatorated as 
Meeesoary or at the request of other experts. The first plan 
mombows 2UILUCE comparison of goal State with initial State 
Fass Simply a list of the blocks that are not yet in treir 
me position., The list is ordered, its first memters 
being those blocks whose Supports (table cr other tlocksj 
epee ready in position. Starting with these, BUIID plans to 
Moree the PIACE routine to deal with them one by one. IF 


PaCo succeeds immediately in each case, the nrotlem is 


Bolvea {5}. 


Beomelishments/Limitations: 


The modular prozrarmiaz anproach vields easier 


in 
¡Eo 
{| 
in 
O 


Mates andine of tae functions of the various pert 
SUILD need not compute thoroughly beforenani all the facts 
Mime be relevant. The system is capable of backtrackine 
demic lizing all pre~faiure information before croosing an 
alternative path. «hen it fails EJILE does not back uy to 
Beemeeorevious choice—point end pick an alternative retnod at 
mommy instead it uses its underStendine of its failure to 
Baer tre mrethod mest likely to succeed. If tre failed 
Bes Ize not to unfortunate choice of rethod but rather 


Mco me ll local difficulty in applying ít, 


kad 
( 
A 
a 
El 
©) 
np 
5 
N 
fi 
uu 
E 
fv 
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tn 
Ly 


Bes required and restart the failed method T 
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E] 


Pnnetional descripticn: 


r 
i 


he C 


0 


ees SEO Moots 2es Sule, Structure © 


t= 


(D 


Maemo trom 4 nem of electron censity that is derives 


Bay crysteallosraphic date. 


era) gesizen characteristics: 


E) 
a 
(Dp 
ry 

Mm 


MISAS Te a kmowledse-tasec, rule-erviced i: 


srar eor nS n orr: 
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syster wnere tre rul 
elation => ection 


MS tuation” can b 


mM 


x ` A ~ „~ y : +, 3° - A 
Bowie Of 25 126 murrert ayr.evr?ze 


( 
» 


The E on  1SW%e process thet modifies the thi 
By pothesis. owen a) iv, Be Saved) Ono eraes 1s 


MMS ed as a nod@-link Ersyh with distinct ievels 


+ 


Eens a degree cr ebstractior, A node Te>7es=rus 
Ames is and a linx represents support or € aypotae 


MES tuatior=aypotnesis is formed incremernteily via 


Sequence cf local esenerate-ana-test activities. 
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mamorional description: 


Dac 


ta 
j> 


ILS was cesivned to assist i 
Meets ion aiding characteristic rel 


Tesourre SO Cat 0 alternatives 


r 


eenn tne oreanization s tast, tec 


we c ture Characteristics 1s sotsent fror tre user 


A? ractive constltaticn session. 


P2onsrovidec by tne systen. 
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ot a eles OCT F 
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Peneral desien characteristics: 


t 


Y 


DECAIDS is a knowledse-based production rule syetem th 
employs a backward chainine Search Stratezy. The xnowledee 
base consists of 41 rules and 23 parameters represented in 
an implied ANT/OR tree. 

Pie framework of Stanford Jniversity s =Y7CIN inference 
engine (a product of the MYCIN project) was adapted for 


DADOS 17] - 
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= OA e ay BEN TS A SY 
Es e = = ra ng qm 
Bemerei-entaum and ¿. Ledaerter.« 


DENDENT s taw is to- assist tne anelytris chemist ir 
enumerating plausible structures (atom-bon zraras, fer 


Ica molecuiles. Given an Hbservec Treementeétion nattern, 


moet Nyooynesizes the best structural explanation cr the 


zat T aan 2. Sea mS AS Tara f 2 "vmzec 
ma. its orlmery One a on ıricelvs ate. “16 Tefress 


tn 


Seaver emeter-an instrurent that fras=sments molecules of a 


chemical sample (usinge an electron team) and records tne 
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EROS Zrasments plotted as a function of tasir rolerular 
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NS. A Secondary source of Gata 15 


MURAL S ouput iS a eraun, 1.e., a %vopoloeical -rodel 
eee molecular structure of the unrnown corpouncd, or the 
Pee iS a List of plausible molecular #rapns, crank ordered 


engine ir relative plausibility scores. 
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MERO Da Ll Size oline provlem Space is ¿ne number of 
Mc] icatiy possible moleculer structires eereretee vita 


valence consicderations alone. 


m 
wer 


BenasBEnDnAT woras wich DENIZEAL to automatically  forr, 
test, and modify irference rules. it infers rules cf mass 
Beeeitrometry by Ineuction from emoirical data for possitie 


at 


later use by DSNDHAL. 


Spud Lote => ect Lon 


7 


Ei en associated orabteability of occurrence 


` 


see xinz and acnievement is Gone via the three stéee 


mecess, plan-generate-test |17]. 


o 


Aro mplisaments/Limitations: 


BEHTIStic ENDR AL has SOlved hundreds of structural 
Menene problems, most recently of structures in the 
family Seo canso amides, {Cr Which the analysis is 
Besomaoly Comlpex. The improvement in runnine speed of 
Bene these problems using the specializei freuristic 
menos 1OUrd in DENDrAL over solving them ty more general 


metnods is estimated to be as great as a factor of 


fer. 
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LI7A 


O 
ton 


Z. seizenbaum 
IES. Stanford University 
1265 


COMIT 


Bemevional description: 

ELI7A is e question-answerine system tnat is intended to 
Simulate the conversations between a -ssychoanalyst (the 
machine) and a patient. Tne point of interest is the 


two-person conversation [5]. 


eneral design characteristics: 
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woncomnmital nétural English sta&temen 


eee in response to cuestions tendered in 


r 


The system does not “understand A 


attempts to make sense (i.e., find an appropriate resronse; 


Chane and 


ct 


OT them throven SmrconsSiVve Da tiene ma 
meres ication 185). It looks for xey words, €.8., 1, you, 
cata er, etc. 1f found the sentence is transformed 


meeomelne to a rule associated with tne word. If ne key were 
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Una ELIZA responds with a content-fre 
eo voú tninz taatí or with a reference to an earlier 


remerx. 
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The knewledze tase is relatively small, a ceonsequence of 
Mei? enosen tñe psyeniatric mode of conversation. secent 
= A 


versions employ frames to max*e 21172 more xnowledssatle. A 


Beeren Orednized body ol deté, in this case comprisizao 


t4) 


a sperific Set of key words and associated trersforration 


Bares [5]. 


com )lisements/Limitations: 


PZA has no capebility for uncerstandins the serantics 


+ 


e conversetioz in wnica it participetes. Fewever, it 
mmeeesetully presents the illusion of such. It nas lured 


many knowlecseable individuals, even scpnisticatecd computer 


e 


m 1 
| 


ea tists, into ensagine in personal conservatiors [35 
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BL. Feisenbaum and fi. Simon 
meee serrmeley and RAND Corp. 
1961 


ERL-V 


weet onal description: 


¿PAM (Flementary Perceiver and Memorizer) was designed 
to model tre human cognitive process of tae Tote learning of 
memoense Syllables. It is an Piola ba On processine 


are) 


F- 


psychologsy model of a classical phenorenon {rete lear 


“vell-xnown in the literature. It serves also as a Simulation 


of vertal learning behavior [32]. 


General design characteristics: 


Pee utilizes a discrirination network as tte basis fer 


tive 


20) 
'cj 


ae sociative memory scheme. The net is an ad 
Amuree that can grow over time to intcorsorate Lew 
MAS objects that need to be recognized in an efficient 


manner [5]. 
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Nccomplishrents/Limitations: 


mae 21Sscrimination net concept Of 24M nas heen acapted 
Brother applications, including chess playine proerams, 
where it used to represent tre patterns of chess toards 
as play [35]. 

pram Syeee-sstrully provides a Cler ener ¿simole 
information processine structure; the patterns were easy to 
Miles tand end gave rise to complex tehsvior änd interesting 
explanations of phenomena taet yere en ell ungern vor 


experimentally [52]. 
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ANAL PO3L53" SOLVER=-—<GPS 
A. Newell and E. Simon 

Marmes1e Tech., and RAND Corp. 
2975 

el 


AC tional description: 


G eeren out of ta8mBb661IC 


aimed at trying to solve 


problems. Emphasis was placed 


wan emn solving. The auality 


was a secondary consideration 


ceneral design characteristic 


me employs 2 heuristic 
@oeersts cf two entities, 


WwecweagolLie€d to 


ieepplicabilitv. A heuristic search problem, 


Given 
Sees ere. 
A desired situatio 
as ain oN ect., 
ieee SEU Of operators 


the 


I aa 


Meer operators are rules 


oaslects andre erators: 


AO UCE S Sane wO Decr 


For 


EL ae 


| 


unrelate? 


achire ib: Was 


A orf oe 


on attaining zenerality in 


Sree proj. -m Solving sorecess 


Poa 


53 


Seater. Denda. 


pe 


> 


Aia situation Tepresented as 


a representation 


. 


A sequence of operators that will 
trårsform the initial 
CEPSsirec SltWetLor. 


Silt Cation LELO 
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Aena ins) es sanas Tri 


€ 
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SEN 
A 


wea tree of objects. isach node rTeuresents an cbjert ard 


ncn Zrom a node represents the object rrocuced ty 
the application of the operatcr. 

Mieco r = SolVIlme aeneurlstic search prozlem is to 
Beh the tree defined by the initial situation ane the 
Ors for a path from the initial Situation to the 
desired situation [37]. 

me effectiveness of this method is determined ty its 
rules for selecting operators to be tried {rules for guiding 
he search) There are two basic criteria for selecting 
Bperators: 

Mesirability--the operator should produre 
o ae tidt mers Simi Ler to 
the desired situation. 

easıbirlity--täe operator should te 


app Mm aol etom tS input 
Bar ect» 


T 


i 


GPS uses the heuristic search oardadigm directly; a 
Bene 1S given to GPS in terms cf objects and cperators. 
Boys a general technigue called meens-ends enálysis to 
guide its tree search. Means-ends analysis is accomplished 
racing differences between what is given and what is 
wanted, en Between two objects, cr between an obiect and 


Bass of objects to which an operator can be applied. A 


is 


ct 
> 
en 
ct 


difference designates some feature cf ar okbiect 


incorrect. GPS uses the difference to select a desirable 


un 


BBerator--one trat is relevant to Terucine tne difference. 
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operator is not applicatle to an object, en attempt to 
At Will result in a difference--the reesor it is not 
Aca bie Jf the difference is not too difficult, GPS will 
tackle it as it would any difference between two objects. If 
Meee successful, a new object will be produced thet 
Moser lully may have tne operator applied to it. 


Das = Our types of 20415 tmal ayplicetion of the 


meL ators attempt to achieve: 


o 


NAS ONO ect a Into ObJect E. 
Peduce difference D on object A. 
ODIO Der cor a va oOciect A. 
electi ne elements of ser -S which 
Post furrilteriterion — er]. 


e O Ne 


Acgeemplishments/Limitations: 


Pee introduction of means-ends analysis provided a new 
and widely applicable method of goal achievement [5]. 

me zsucecessfully sclved a variety of problems includine: 
Mies lonaries and the Caanibele protlem, Inteseration of 
Poems such as (sin (ct)cos t(ct}) + t )dt, the Towers o 
AM problem, the Srt@ses of FKoniesberg rrotler, letter 
Fe ceonmpaletion (e.2z., complete the series: EZCHTET...\N 


protlems, and many others [37]. 
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a 


G. Sussman 
el 
1975 


CONNIVSR 


tonal description: 


HACESR operates in a blocks world waere its task is to 


Meneitop procedures for getting a block or gerour of blocks 


tt 


rom an eee contigutation LO SOS OLAS oal 


ug 


` 


eon ieuration. 


General desien characteristics: 


HACKER uses means-ends analysis (see GPS) to accorvlish its 
MAS ne data base maintains information on operators 
Meios), as well as preconditions and effects of tre 
operators. 

Initial plans are Tousn so that wnen mistakes are rade 
ASE must analyze what ‘went wrone and where. Special 
debugging programs are supplied for tnis. Mistakes are then 
peer tied, seneralized and placed on a list of traps to te 


avoided later. 
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Pecomplishments/Limitations: 


HACKER may be considered a system for automatic 
programming, in that it is a problem solving rtrogram that 


itself writes and improves programs and learns to do so 


beter with practice [5]. 
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OD Le 

ive rsity of Fittsburgh 
1975 | 
INTERLISP 


Bet ional description: 


INTERNIST is a system developed to provide surpor 


t in 


Meer ormation and solution of difficult clinical preblars in 


internal medicine. 


Pemeral design characteristics: 


INTEPNIST is 2eruknowlegze-basen Sistem wherein 


knowledge is represerted in two different elemert t; 


disease entities and manifestations. Smereorareratgt 


In 
Yoes, 


t £2£ 


disease entities and cver 2¢¢¢C manifestations ie like ee 


(D 


n disease Rec es E 


© 
ey) 
in 


symptoms, lab data, etc). Ea 


F- 


associate list of manifestations. A value between ore 


Mis assıeneä to each manif2station estimatine 
Meeaquency of occurrence. ey the same LOF2NRa 


manifestation has an associated list 07 disease enti 


Pach of which has a welehtine factor between zero and fi 


A partitioned semantic network is user to represe 


de 


Bererekv 0t disease Catesories, organized jrirarily a 


148 


ar 


nt a 


3 
O 
E 
13 
> 





Meemconcept Of organ systems. e.f., liver, lune, kidney 
diseases, etc. [40]. 

The number of distinct disease entities known to a 
Merecines physician 1s about 40. However, a patient may 


demonstrate  /symptoms Gow Che co-occurrence ¿(01 several 
Peeeeorto unrelated diseases. If án upper bound of ten is 
imeosed on the number of concurrent disease processes 
Wei le, taen tae numter of diaenostic categories required 


memema>sifvy arbitrary patients is cf tne order of ten to tre 


ein. 


meecomolishments/Limitations: 


EERNISSE II is a recent enhancement of the orieinal 
UNUSBNTST system. It embodies strategies of concurrent 
Emn förmation t2at yieli more rapid corverzenca to a 
mer diagrosis in many cases, anc at least sore cases 
me more accurate results [4c]. ne corulex case on 
Peele PNIST [IT consulted produced a diasrosis corsisti 
A ima ry Cardiomyopathy, conzestive heart failure wit” 
Be effusion, trensuvudative ascites, cardiac cirrhosis 
Sins irom chronic nepatic cengestion, ard acute tubular 
memes Of sidney: caused by cardiogenic shocx. Fvidence of 
systemic embolism was also reperted [é]. The Syster 


Reg@uired <0 second eee Chinon. tne “ove perate tac. 


in 


memerecular cidenosis cf whet was consifered a relatively 


complex case. 
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AC IN 


is nortliffe, ER. Davis, EZ, Zuchanan 
Sian tord University 
1976 


MINS ALIS. 


Functional description: 


MNSIN was designed to assist a vhysiciar by providing 
emul tative advice on diagnosis of and therapy ZOT 
eei l ous Qiseases--in particular bacterial infecticus in 


the blood. The system is capable of handling interactive 


Oy 


dialogue regarding the diseases and capable of supnolvir 


coherent explanations of its results f11]. 


general design characteristics: 


A» 


MYCIN is a rnle-zuided inference system thet emplovs 
backward Chaining search strategy. A certeirtv facter 
Berween £ and 1 (i.e., probability) is associated with each 
Somer usion. 

Each rule embodies a siaele, modular chunk of knowledge 
MMe tates Explicitly in the premise all necessary context. 
specifically, a rule is a Simple conditional Staterent 


(Iz/THEN or premise/action format). The premise is a Zoolean 


ess ion. The action part contas one or more 
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momelusions. rach is completely mocular and independent of 


others. They are invoked in a backwaré urwincing Scneme 


+ 
ei 
(D 


ee produces a depth-first search of an ANL/OR goal tree 
(similar in some respects to PLANNER’s consequent theorems) 
of more than 2@¢€ rules. The maximum number of rules for a 
single subzoal is Zø. Yeta-rules ars available as strategy 
rules for sugresting the best approach to a 2iven snbeoal. 
Mtemeaave the same forrat as tne clinical rules but can 


Beste that certain clinical rules should te tried first, 


es 


Pewee pefoOre ofhers, Or not at all. These then ovrovid> a 
Capavility for pruning the search tree, thereby reducing the 


meeotople search space. 


äccomplishments/Limitations: 


> 


mee mid 1374 a semi- formal study was conducted in whien 
Mea nteciious disease experts not associated wit the 
project were asked to evaluate the systems performance cn 


15 cases of bacteremia selected from current patients. Tre 


us 


experts approved of MYCIN’s tnerapy recommendations in 72% 
Meee evealudtions. This 15 a Significant anpralscel of 


M7CIN’sS success especially considering that the experts were 


not unanimous in their own recommendations [721]. 
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P. Rarret, J. Gascnnig, 


Coda, YF. Hart : 
2 Eton,- Je Slocum 


o nolise, 


«Y. 


. 0 


center, SRI International 
1976 


IA LTS P 


Ae tional description: 


PROSPECTOR was designed to essist erploretion geologists 
muerte rpreting and eveluatinas deta on specific rireralizec 


ES Or prospects [15]. 


General design characteristics: 


PROSPECTOR is a xneowledge-tesed, rule-guided inference 
system organized internally es e partitioned semantic 
Memwore. The partitioning is hierarchical, in order to 
represent @ taxonomy of minerals. Top-level nodes of tre net 
correspond to top-level hyoctheses about the presence of 
various types of ore deposits. Lower-level roles may 
correspond to directly observable zeolozic data, or to 
intermediate concepts that can be inferred from chservables. 
cipal task is to infer probabtilities for the top-level 


hypotheses on the basis of available observations {14}. 
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les aire of tae form, A => E. A vrotability factor is 
Bere jatece wita the conclusion os. Two additional nurbers 


measure the degrees to which & is necessary and sufficient 


Mor. B. 


Accomplishments/Limitations: 


This system has been employed successfully as a teachine 
Mor learning about types of ore devosits. 

ASES LORA has a  Slizht nandicap in that a body of 
Nec lons, often uncertain in nature, must te interpreted 
with tne aid of a knowledge base that supports plausitle 


reasoning but not strict logical inference [14]. 


153 





CN 


Meee RD DILU 


y? 


DA NOETAL 
ET 
1971 


DERO F LANNER, LISP, PROGRAMMAR 


a l oral ZescTiption: 


NS ED. Drogrem represents a rotot that car respond 


verbally as well as actively. 5mphasis is placed on language 


(dw) 
O 
Ha 


intervretation ratner than generation. SHTLIJ ss are 
Bern and universe of discourse iS „Toblem Solvine ir a 


Gees world. 


Manera | nesien characteristics: 


1 


h 


1D 


SAI OO Tai Ss Saetorarcaically Peay cec. ES 
znowledse is comprised of tnose types required for abstract 
zeneral problem Sole ug linzuistic O e anc 
Memon’ if tne Specific domain of discourse. The corcined 
maser ot knowledge is represented procecrrally, Sue ir pert 
gene use of micro-PLANNER aS the jrirary lansuage of 
implementation. 


Mee netererchy of tae system 15 expressed wits three 


3 
E y 
iD 


emer proerars Sach written ina different lansnaze. T 


mee rl1 On prosram, written in micro-PLANNEF, nas its own 
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bodv A oe cor respon) {Che Specific uriverse cf 
Bene enasen. It salves problems of varicus fiacs in he 


Tse 0: explorine the consequences of facts presentei, 


iaa actlons, «and ansWerine questions. The semantic 
meeGan, written in LISF, is actually a Set cf preerars 


@eglifie with meaning (wnhetner of words, word frouns, or 
whole sentences). The third presrar loes eremmatical 


Bene. omsodied within it is & particular theory of 


J 


TIERS UCL re an 


ps. 
or 
O 
+5 
iD 
O 
> 
OY 
= 
IH 
N 
1D 


snelisn grammar which is use 
sentences [5}. For this, Winograd wrote & snecial purpose 


lenguaze called PROGZAMMAR, 


Brocenlishrents/ljmitations: 


Although SHRDIU can ‘converse’ sensitly only about 


Pas. caña sgotnher inhabitants or the Elocks world, it cen 


r 


Aisen terces contairitz nmon-Elecis werds, lie errs, 
Saxe, mother, and recipe, provided the minirel nelevant 


Analice inícrretion (such as that mrotaer is en arirate 
noun) is included with tne definiticns of the words in 
Barton. for instance, the program can parse [tacuzh not 
reply to) the Sentence, “How many eggs would you have teen 


eoing to use in tne caxe if you adr t learned your motaer’s 


recipe was wrone? [5]. 
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LE. SMS /4eSTR IPs 

Ba kes seNnshılsson, FE. napliael,, 
Teamcaryey, caw weladimeer, J. Munson/ 
a Sacerdoti 


Man oTd nesearch Institute 


enet ional descriptior: 


1) 


SIE seo Eo rada re clans Ki.e., @ series of 


+ 


ale lors teat logetaer establish preconditions necessary for 
Mice tinal ection) for the robot STAA T, whioh -Spends most c? 
MS SS ome. Consl Sting “of y “rocmsS varicusiv 


a&aoors and coatainirzz2z several lares DOxes' 10 


(1) 


eounected cy 
Be oushed from one place to another [5]. 

ar Sr TOn-—cbaSe@a Siseies ) Ys a mod fization ofr 
mer oveIent on Waar >. Preconditions necessary yor the 
Ber emment Of agels 07 Sudedals are ordered by eriticelity. 
A as ares (13810 Chem most. Critical precomditiors are 
wened first: Sclanuine 15 done trerefore 14 4a Wierarcry 


of abstraction spaces [46]. 


General desien characteristics: 


SURI PSeceakchesa Space of worla mod=1s tc find- cns in 


which a eiven voal is achieved. Each werld rodel ircludes a 
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e a E Mo. metee.s Zanevyreletions dealire with the 
meseeron or the robot and the attributes of varicus orjects, 
NN paces aña bounderies. It 1s répresented ty a set of 
well-formed formulas (wffs) of the first order predicates 
calculus {2¢€]. The problem Space iS composed of three 


entities: 


meee nitial Borila model--a set of wffs describire 
BNDspTrEeSsentustareupt TIezswor!e, 

BEN set ot operators--ineluding a cescrirticr of 
merrer ects/and precondition wfi schemata. 


een zoal condition stated as a wff=-the protler 


is solved when STRIPS produces & world rodel 


It, 


that satisfies th> zoal wff 


Ov 


o. 


More searching the space of world models, STRIPES uses a 
GrS-lixe means-ends analysis strategy. The comtinatior cf 
means-ends analysis and formal theorem provins methods 
allows objects (world models) to be muca more corplex ard 
Menem] than any of those used in GFS. It also provides rore 


Amas 01 search heuristics than any cf those found in 


Wiédrem proving programs [22]. 
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Beromplishments/Limitationrs: 


rt 
œ 
j 

(MD 


Mesa ble Mow solve a veriety of problems © 


cg 


mi owing rature: 


` w rna on a lightswiteca (must climb on a box first-- 
at find a box before that). 
2 


ep Push three bores together. 


e oaa ocat on n another room 120]. 


BEE TALL-SPIN 


J. Meehan 
Irvine 
12977 


ENZEHLISE 


tonal cescriptior 


TSLZ-SPIN is a program that generates stories ty usine 
Meese sources cf knowledge including Snglish, physical 
Space, O nE, story Et PUG Ture. oe 
Ame onsaips, and becily needs. Tre purpose of the worse is 
Best the combination and interaction of many sources of 


knowledge [3i]. 
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Era) desien characteristics: 

TALS=-SPIN is a, top-down, goal-oriented protlem-<olver, 
its output may be resarded as a trace throven problem 
solvirge procedures (31]. It may be viewed as a program that 
ta tes rational behavior by characters in the world. It 
M Ooo ced of three parts: a problem solver, dn assertion 
mecranism (adds events to memory), and an inference 
mecnanism (produces consequences of an event). 

TALS“SFIN draws on frame-oriented xXnowledee to direct 
development. The user may initially specify the 
characters, environmert, and a problem for each character to 
solve, or may Specify a moral and the system generates the 


y 


woens. tach character in a story nas a goal stack 


» 


Ae clica ted with it. An examole of a s0al is “hunser” which 
possesses a set of rules suca as, “If you are hungry and see 


momemrood, yOu ll want to eat it, and “If you are tryine to 


cr 


Co one faod and you “dil, yov will get sick.” <Achievemen 
of the eoals developes the story. 

Protlems are associated with an area of knowlecee, i.é., 
the problem dorain, ars is defined by set of 
Men Besentational primitives, a set of goal stetes oT 
problems expressed in terms of those poriritives, and 


procedures for solvins those problems (31j. 
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co mplisfimerts/bimitations: 


A 


> 


sample story generated sy TALE-SFIN: 


Once upon a time George Ant lived near a patch of 
ground. There was a nest in an ash tree. Wilra 
Eird lived in the nest. There was some water irn 4 
Eiver em ma new” tnaat the water was in the river. 
George knew that tre water was in the river. Ore 
day Vilma was very thirsty. Yilma wanted to set 
near some water. wilma flew from ner nest across e 
meadow througn a valley to the river. Wilma drang 
the water. Vilma wasn’t thirsty any more. 


ESTE Mes Very tnırsiıv,. George wanted to ¿get near 
some water, George walked fror his patch cf rour? 
Berosszremeeaon sthrousa a valley to a river 
bank. George fell into the water. George wanted to 
get near the valley. George couldn’t get near the 
valley. George wanted to zet near tne readow. 
George couldn’t get near the meadow. WNilme wantec 
George to zet near tie meadow. Wilma wanted to get 
near Georges. Wilma grabbed George with her claw. 
“ilma toox George from the river through tne 
valley to the meadow. George was devoted to Wilma. 
Georse owed everything to Vilma. Yilra let ec of 
SBeoree. Ceo emer LO the meadows The “end 
Peeprinveds = from SL]. 
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